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Abscisic acid, 287 
ethylene production stimula- 
tion, 16 
fruit ripening, 10 
roles, 11 
Abscisin, 7 
Acacia 
see Mulga 
Acacia harponphylla 
leaf production time, 299 
Acetabularia 
cliftonii 
chloroplast ribosomal pro- 
teins, 220 
mediterranea, 220 
Acetabularia spp. 
action potentials, 142 
cap regeneration, 498 
electric current, 504 
phosphorylase, 498-99 
site, 494, 498 
chloride transport, 452 
electrogenic pumps, 444 
Acetate 
assimilation 
blue-green algae, 74-75 
Chlamydomonas, 76 
Chlorella, 76 
Chromatium growth, 69-70 
incorporation, 71 
photoassimilation, 72 
Acetylene, 328 
reduction by cyanobacteria, 
331 
n-Acetylglucosamine, 478 
Achlya 
ambisexualis 
antheridiol, 473 
oogoniol, 473 
bisexualis 
antheridiol, 473 
oogoniol, 473 
Achlya spp. 
genetic analysis, 474 
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pheromones, 473-74 
steroid hormones origin, 
481 
Acid phosphatase, 519-20, 
547 
localization, 207-8 
Actin, 503 
filaments, 496, 504 
macromolecule transport, 
504 
plasma membrane, 496 
Actinomycin D, 474 
Adenosine monophosphate, 
332 
cAMP, 479 
Adenosine triphosphatase, 
447, 450 
aluminum inhibition, 519 
anion, 452-53 
plasma membrane vesicles, 
442 
potassium, 448-49 
activation, 448, 450 
proton pump, 439 
kinetic control, 442 
sodium transport, 439 
vacuolar membrane, 199 
citrate transport, 202-3 
Adenosine triphosphate 
cation transport, 448 
chloride influx, 451 
citrate transport increase, 
202 
dependent H, evolution, 267- 
2 
68 
electrogenic pump, 442-43 
Acetabularia, 444 
hydrogen efflux, 438 
membrane potential, 442- 
43 
nitrogen 
fixation, 269 
reduction, 268 
photosynthesis, 347 
production 
m-chlorophenyl hydrazone, 


448 
sugar uptake, 447 
see also Heterocysts 
S-Adenosyl-homocysteine, 
200 
S-Adenosylmethionine, 197 
specific transport, 200-1 
Aerobacter aerogenes 
rRNA degradation, 29 
Agave 
americana 
water use efficiency, 294 
deserti 
carbon dioxide fixation, 
384 
leaf resistance to water 
loss, 385 
seed production, 301 
Agrostis tenuis 
aluminum tolerance, 519 
Alanine, 79, 109, 332 
Alanine dehydrogenase 
Anabaena, 333 
Alfalfa (Medicago) 
aluminum tolerance, 520 
genetic control, 523 
molybdenum effect, 521 
iron tolerance, 534 
manganese toxicity, 5 
effect on nodulation, 530 
genetic control, 531 
soil water availability, 286 
Algae 
see Pheromones in algae 
and fungi 
Alkaline phosphatase 
vacuole, 206 
Allium 
see Onion 
Allomyces 
arbuscula, 465 
response to sirenin, 466 
macrogynus, 465 
responose to sirenin, 466 
Allomyces spp. 
carotene, 475 


25-26 





genetic study suitability, 
467-68 
membrane isolation, 467 
sirenin, 465 
bioassay, 465 
effect on swimming behav- 
ior, 467 
formation, 466 
structure, 466 
zoospore chemotaxis, 467 
Allophycocyanin, 366-67 
Allophycocyanin B 
energy collection, 367 
spectral properties, 366 
Aloe arborescum 
malic acid deacidification, 
395 
Aluminum, 533 
beneficial effect, 522 
differential tolerance, 514 
ammonium vs nitrate nutri- 
tion, 515 
calcium nutrition, 517 
organic complexes, 520 
ph changes in root zone, 
514-15 
phosphorus nutrition, 517- 
20 
uptake and translocation, 
516-17 
uptake of minerals, 521-22 
genetic control of tolerance, 
522-23 
manganese-induced iron de- 
ficiency reversal, 527 
polyphenol complexes, 520 
redox potential, 518 
root accumulation, 518 
silicon effect, 529 
tolerance, 534 
toxicity, 532 
iron interaction, 521 
pH, 512 
physiological effects, 514 
symptoms, 513 
temperature, 512 
Alyxia rubricaulis 
manganese, 529 
Amaryllis 
actin, 504 
Aminoacylation, 32 
Aminoacyl-tRNA synthetase 
chloroplasts, 217 
coded for by nuclear genome, 
221 
hydrostatic pressure effect, 
35 
thermolability, 31 
a-Amino-£-ketoadipic acid, 
98 
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6-Aminolevulinic acid and 


plastids 
chlorophyll pathway 
enzyme synthesis site, 
115 
regulation, 110-11 
conclusion, 115 
formation in bacteria and 
animals 
6-aminolevulinic acid syn- 
thetase reaction mecha- 
nism, 99 
synthetase occurrence, 
100 
synthetase properties, 100 
formation in plants, 112-13 
alternate pathways, 103-4, 
108-10 
carbon incorporation spec- 
ificity, 106-7 
detection, 100 
intact greening tissues, 
105-6 
levulinic acid, 104-5 
unsuccessful detection, 
101 
formation regulation, 110- 
11 
enzyme formation sites, 
114-15 
heme inhibition, 113 
light, 112 
multiple pathways, 114 
introduction, 96 
in vitro formation, 108-9 
porphyrin/ chlorophyll for- 
mation, 107-8, 112 
in vitro, 108-10 
reports of synthetase in 
plant extracts 
colorimetric assay, 101- 
9 
radioisotope incorporation, 
102-3 
unity in tetrapyrrole biosyn- 
thesis, 96 
the key precursor, 98 
pathway outline, 98 
primary products, 96 
protoporphyrin [IX struc- 
ture, 97 
6-Aminolevulinic acid dehy- 
drase, 104 
in chloroplasts, 114 
inhibitor, 112 
6-Aminolevulinic acid synthe- 
tase, 105, 108 
detection, 100-1 
formation 
heme repression, 113 
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inactivation, 113 
in dark, 114 
in plant extracts, 101 
colorimetric assay, 101-2 
mitochondria, 114 
occurrence, 100 
properties, 100 
reaction mechanism, 99 
6-Aminolevulinie acid trans- 
aminase, 109 
Aminopeptidase, 206 
4-Amino-3, 5, 6-trichloropico- 
linic acid, 8 
Ammonia, 264 
delayed fluorescence, 55-56 
water oxidation, 55-56 
see also Heterocysts; Nitro- 
gen fixation 
Ammonium, 328 
nutrition 
aluminum toxicity, 515 
toxicity, 515 
Amylase, 393-94 
Anabaena 
catenula 
heterocyst study, 321 
proheterocysts, 335 
cylindrica 
ammonia assimilation, 265 
heterocyst coat, 323 
heterocyst differentiation, 
335 
heterocyst study, 321 
mutant study, 336 
nitrogenase purification, 331 
nucleotide measurement, 
337 
pyruvate decarboxylation, 
328 ; 
varabilis, 75 
mutant study, 322, 335-36 
photoautotrophy, 74 
pyruvate decarboxylation, 
328 
strain 7118, 322 
Anabaena spp. 
alanine dehydrogenase, 333 
heterocyst differentiation, 
333 
symbionts, 337-38 
Anabaena 7120, 322 
heterocyst-specific protein 
synthesis, 335-36 
nitrogenase components, 331 
Anacystis nidulans 
oxidative pentose phosphate 
pathway, 75 
photoautotrophy, 74 
Ananas 
see Pineapple 
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Ancymidol, 160 
Androspore, 472 
Angiosperms 
submerged 
photoautotrophy, 78-87 
Antheridiol 
activity, 473 
effects, 473 
protein synthesis, 473-74 
mode of action, 474 
Antirrhinum majus en:viridis 
photosystem II genetic defect, 
223 
Apium 
see Celery 
Apple (Malus) 
calcium uptake 
aluminum interference, 
517 
flowering and ethylene, 7 
manganese toxicity, 526 
nitrate reductase, 515 
Appleman, D., 14 
Apple rosette, 3 
Apple scald, 13 
Apricot (Prunus) 
soil water and yield, 301 
water use efficiency, 294 
Arabidopsis thaliana 
chlorophyll biosynthesis 
genetic control, 223 
genes in biogenesis plastid 
pigments, 218 
Arachis 
see Peanut 
Arginine, 74 
heterocyst plugs, 324 
localization 
Neurospora, 196 
Saccharomyces, 197 
significance, 205 
vacuolar 
pool, 202 
transport, 201-3 
Arginine-specific permease 
proteinase effect, 200 
tonoplast, 199-200 
catabolite repression, 201 
Arrhenius activation energies, 
13 
Artemisia tridentata, 284 
phenology, 299 
soil water storage, 285 
Ascites tumor cells 
protein synthesis inhibition, 
oT. 
ribonucleoprotein structure 
disintegration, 27 
RNA processing, 29 
rRNA synthesis impairment, 


28 
Ascobolus stercorarius 
pheromones, 480-81 
Ascomycetes 
pheromones, 480-81 
Aspartate, 230, 271, 329-30, 
332, 401 
B-carboxylation, 77 
synthesis, 69-70 
Anacystis, 74, 77 
Astragalus 
see Milk vetch, 522 
Athiorhodaceae, 68 
Atriplex 
canescens 
water use efficiency, 296 
confertifolia, 284 
water use efficiency, 297 
Atriplex spp. 
Cz x Cy crosses, 231 
Aucanten, 469, 471 
Auxin, 18 
ethylene action restraint, 
9 
flower buds, 7 
fruit ripening, 10 
fruit set, 8-9 
roles, 11 
undetermined meristems, 
254-56 
Avena 
see Oat 
Avicennia 
see Mangrove 
Avocado (Persea) 
ripening, 20 
Hill reaction, 21 
inhibitor, 18-19 
Azaserine, 329 
7-Azatryptophan, 334 
Azide, 199 
Azolla spp. 
Anabaena symbiont, 337 
Azotobacter 
chroococcum 
in vivo energy requirement, 
268 
vinelandii 
nitrogenase production re- 
gulation, 265 
Azotobacter sp., 332 


B 


Bacillus 
megaterium 
iron-aluminum interaction, 
521 
stearothermophilus 
ribosomal subunit heat 


stability, 31 
subtilis 
DNA synthesis, 26 
temperature and RNA syn- 
thesis, 27 
Bacteriochlorophyll 
oxygen effect on synthesis, 
113 
Bacteriochlorphyll b, 48-49 
Bacteriopheophytin, 52 
Bacteroids, 271 
nitrogen fixation concept, 
271-74 
similarity to mitochondria, 
271 
Banana (Musa) 
copper toxicity, 537 
iron tolerance, 534 
Barley (Hordeum) 
aluminum tolerance, 514 
calcium, 517 
genetic control, 523 
iron interaction, 521 
manganese effect, 525 
phosphorus interaction, 518- 
19 
6-aminolevulinic acid forma- 
tion, 106, 112, 114 
carbon incorporation speci- 
ficity, 106-7 
y-6-dioxovaleric acid trans- 
aminase, 109 
chlorophyil 
label, 114 
mutants, 115, 
chloroplast development 
nuclear genes, 223 
harvest index, 304 
heme 
formation, 114 
turnover, 113 
sodium efflux, 450 
water stress 
seed filling, 304 
tiller mortality, 302 
Barrel cactus (Ferocactus) 
response to rain, 288 
root system and soil water, 
286 
Bean (Phaseolus) 
aluminum tolerance, 534 
cadmium toxicity symptoms, 
542 
chlorosis 
metal interactions, 542 
gibberellin 
glucosyl esters, 173, 181- 
82 
2B-hydroxylation, 168, 
181 
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pathways from aldehyde, 
171-73 
iron-induced manganese de- 
ficiency, 534 
iron toxicity, 532 
tolerance, 534 
manganese toxicity 
effect on nodulation, 530 
injury type, 528 
internal levels, 526 
iron ratio, 527 
metal chelate uptake, 539 
photosynthesis 
energy coupling, 372 
energy distribution wave- 
length dependence, 362- 
64 
PS I, PS II, Chl LH emis- 
sion spectra, 364-65 
PS I absorption band, 359 
PS II to PS I energy transfer 
chloroplasts, 361 
flashed leaves, 361-62 
Beet (Beta) 
hetaine exclusion from vac- 
uole, 133 
chloride transport, 451 
tonoplast 
glucose specific hexokinase, 
199 
sucrose synthetase, 199, 
204 
vacuoles 
ATPase absence, 199 
sugar localization, 197 
Benzyladenine, 7 
Benzylaminopurine, 251 
Berberine, 206 
localization, 197 
Beta 
see Beet; Sugar beet 
Betacyanin 
vacuole isolation, 197 
Betaine 
exclusion from vacuole, 133 
Bicarbonate 
uptake, 452-53 
utilization 
photosynthesis, 84, 86 
Blakeslea trispora 
trisporic precursors, 476 
Bouteloua gracilis 
respiration, 306 
root types, 301 
Boyle-Van't Hoff law, 127 
Brassica 
see Mustard 
Brassica oleracea 
gibberellin and chloroplasts, 
183 


Broad bean (Vicia) 
photosystem I 
genetic defect, 223 
Brown algae 
pheromones, 468-70 
biosynthetic pathway, 470 
evolution, 470 
mechanism of action, 470 
Bryophyllum 
calycinum 
deacidification, 395 
diagramontianum 
gibberellins, 174 
26-hydroxylation, 181 
malic acid localization, 
197, 205 
fedtschenkoi 
crassulacean acid metab- 
olism, 388 
tubiflorum 
carbohydrate metabolism 
in dark, 393 
Bryophyta, 84 
Burg, S., 18 


Cc 


C3 plants, 388, 404 
fussils, 382-83 
glucan synthesis, 394 
PEP carboxylase activity, 
aaa 
photorespiration, 23: 
photosynthesis similarity to 
CAM, 391 
vs C4 plants, 230 
water use efficiency, 293 
see also Plant productivity 
Cq plants, 404 
chloroplast types, 230 
explanation, 231 
crassulacean acid metabo- 
lism, 381, 388-89 
phosphoenolpyruvate carbox- 
ylase, 391 
phosphoenolpyruvate export 
to cytoplasm, 394 
photosynthetic capacity, 230 
warm habitat, 293 
see also Plant productivity 
C-550, 361 
Cadmium 
chelate 
translocation, 540 
uptake, 539, 544 
ecotype tolerance, 545 
interaction 
metals, 544 
ozone, 542 
labile pool, 538 


SUBJECT INDEX 


591 


soil equilibria, 537-38 
toxicity 
iron interaction, 541 
phosphorus fertilizers, 
537 
source, 536 
studies, 544 
symptoms, 542 
Calcium, 38, 534 
aluminum 
beneficial effect, 522 
toxicity effect, 513 
electrogenic pumps, 440 
flagellar activity alteration, 
482 
manganese toxicity decrease, 
529 
nutrition 
aluminum toxicity, 517 
protease, 325 
rhizoid formation, 490, 497 
transcellular current, 494- 
95, 505 
California Fruit Growers Asso- 
ciation, 17 
Calothrix spp., 3: 
Calvin cycle, 88, 230, 232, 
330 
absence from heterocysts, 
328 
autotrophic CO» fixation, 
69 
Chlorella, 76-77 
Chlorobium, 72-73 
Chromatium, 69 
Cyclotella, 77 
glucose synthesis, 83 
higher plants, 78 
Rhodospirillum, 70 
repression, 71 
ribulose bisphosphate carbox- 
ylase 
DNA code, 226 
Skeletonema, 77 
Camissonia claviformis, 293 
Canavanine, 199, 334 
Candida 
gelida 
protein synthesis heat labil- 
ity, 31 
RNA synthesis, 27 
utilis 
amino acid storage pool, 
204 
arginine transport, 199- 
200 
plasmalemma permeability 
induction, 196 
turgor regulation, 205 
Cannabis 
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see Hemp 
Capsicum 
see Pepper 
Carbon dioxide, 231 
Cz vs Cy plants 
photosynthetic capacity, 
230 
chloroplast ultrastructure 
alteration, 228 
concentration in bundle- 
sheath cells, 230 
crassulacean acid metabo- 
lism, 389-92 
day temperature, 387-88 
night temperature, 387 
phase I, 383 
fixation 
rate and nitrogen fixation, 
273 
response to environment, 
405 
fruit 
oxygen uptake stimulation, 
19 
production stimulation by 
ethylene, 17 
incorporation failure 
heterocysts, 328 
photorespiration measure- 
ment, 233 
release during photorespira- 
tion, 232 
water use efficiency, 290 
single leaf, 290-91, 293- 
94 
see also Crassulacean acid 
metabolism; Obligate 
photoautotrophy nature; 
Plant productivity 
Carbonic anhydrase, 76 
Carbon isotope fractionation 
model, 80-81 
Carbon monoxide 
cell membrane resistance, 
445 
Carbonyl cyanide, 445 
Carboxydismutase, 209 
B-Carboxylation, 69-70, 88 
in algae, 76-77 
Chlorella, 76 
importance in photosynthe- 
sis, 77 
C4, plants, 78 
Carboxysomes 
absence from heterocysts, 
328 
B-Carotene, 475 
chemoreception, 476 
pheromones, 476-77 
Carrot (Daucus) 


chloride transport, 451 
manganese toxicity 
internal levels, 526 
Casbene, 158 
Castorbean (Ricinus) 
organic manganese complex, 
530 
Catabolite inactivation, 209 
Celery (Apium) 
manganese toxicity, 528 
Cell polarity development, 
487-510 
conclusions, 505-6 
Fucus development, 489-90 
embryo study advantage, 
489-90 
rhizoid, 489-90 
introduction, 487-89 
definition, 487 
historical, 488 
polar protoplasmic struc- 
ture, 488 
polar cell formation, 490 
Acetabularia cap regenera- 
tion, 497-99 
contractile transport mech- 
anism, 504 
cortical clearing, 493-94 
electrophoretic transport 
mechanisms, 504-5 
event sequence, 495 
Fucus rhizoid formation, 
501-3 
hypothesis, 495-97 
light effect, 491 
polar axis fixation, 490- 
97 
polarity expression, 497- 
98 
sulfated fucan deposition, 
492 
transcellular current, 494 
transport mechanism, 503 
yeast septum formation, 
499-500 
Cellulase, 546 
Cellulose 
microfibril orientation, 
246 
Centaurea spp. 
gibberellin effect, 250 
Centrosema pubescens 
manganese toxicity, 526 
Ceratoides lanata 
water use efficiency, 297 
Ceratophyllum demersum 
bicarbonate utilization, 86 
CO, compensation point, 86 
photosynthesis saturation, 
86 


photosynthetic rates, 85 
Chaetomorpha linum 
osmotically active molecules 
regulation, 131 
turgor pressure, 128 
control, 141-42 
Chandler, W. H., 3, 5-6, 15 
Chara 
annuum 
stress-hardening effect, 
130 
volumetric elastic modulus 
values, 130 
corallina 
action potential, 136, 141 
bicarbonate uptake, 452 
electrogenic pumps, 443 
membrane potential depo- 
larization, 135-36 
turgor pressure measure- 
ment, 124 
fragilis 
volumetric elastic modulus 
values, 129-30 
intermedia 
volumetric elastic modulus 
values, 130 
salina 
osmotic balance adjustment, 
132 
Chara spp., 504 
localization 
acid phosphatase, 208 
carboxypeptidase, 208 
microfilaments, 495-96 
volumetric elastic modulus, 
129 
Chelerythrine 
detoxification, 206 
localization, 197 
Chelidonium majus 
alkaloid localization, 197 
vacuoles as alkaloid detoxifi- 
ers, 206 
Chiasmata 
formation failure, 420 
see also Meiotic crossing- 
over regulatory mecha- 
nisms 
Chickpea (Cicer) 
manganese toxicity types, 
528 
Chilling injuries 
membrane structure, 13 
Chinese hamster kidney cells 
RNA synthesis, 27-29 
Chitin 
localized synthesis 
mechanisms, 500 
yeast cell wall, 499-500 





Chitin synthetase, 208, 500 
activity control, 500 
Chlamydomonas 
dysosmos 
obligate photoautotrophy, 
75-76 
eugametos 
gamete attraction, 464 
moewusii 
gamete attraction, 464 
moewusii var. rotunda 
sexual attractant pheromone, 
464-65 
reinhardii 
chlorophyll mutants, 115 
chlorophyll synthesis inhi- 
bition, 113 
chloroplast biogenesis gene- 
tic control, 219 
chloroplast ribosomal pro- 
teins, 220 
gamete attraction lack, 464 
plastid protein synthesis 
and chromosomal DNA, 
225 
protein synthesis require- 
ment, 224 
stellata 
acetate photoassimilation, 
76 
Chlamydomonas spp., 479 
Chloramphenicol, 115, 224 
inhibition 
chlorophyll synthesis, 225 
photosystem protein, 226 
Chlorella 
fusa, 112 
6-aminolevulinic acid syn- 
thetase pathway, 106 
protothecoides 
protochlorophyllide, 111 
pyrenoidosa 
acetate assimilation, 76 
B-carboxylation, 76 
cell membrane breakdown, 
141 
delayed light emission, 47, 
55 
osmotic balance adjustment, 
132 
vulgaris, 112 
Chlorella spp. 
6-aminolevulinic 
mulation, 105 
6-aminolevulinic 
aminase, 109 
copper exclusion, 547 
delayed fluorescence 
delay kinetics, 56-57 
intensity, 54 


acid accu- 


acid trans- 


red vs blue light effect, 
58 
thermoluminescence, 59 
y-6-dioxovaleric acid, 103 
-6-dioxovaleric transami- 
nase, 109 
heme/ chlorophyll synthesis, 
96, 102 
photosynthesis quantum 
wield, 359 
photosynthetically active 
mutants, 232 
proton 
influx upon sugar addition, 
446 
motive force, 447 
Chloride 
flux, 140 
control, 134 
indoleacetic acid, 135 
membrane conductivity, 
134 
osmotically active molecules 
regulation, 131 
transport, 450-53 
Chlorobacteriaceae 
obligate photoautotrophy, 
68 
Chlorobium 
limicola 
delayed fluorescence, 49 
obligate photoautotrophy, 
72 
thiosulfatophilum, 87 
Calvin cycle enzymes, 72 
glutamic acid synthesis, 
72 
reductive carboxylic cycle, 


72-73 


ribulose bisphosphate car- 


boxylase, 72-73 
2-Chloroethaneophosphonic 
acid 
see Ethrel 
p-Chlorophenoxyisobuty ric 
acid, 9 
m-Chlorophenyl hydrazone, 
445, 449 
chloride uptake, 451 
potassium uptake, 448 
Chlorophyll 
biosynthesis 
genetic regulation scheme, 
222 
mutant, 222 
see also §-Aminolevulinic 
acid and plastids; Delayed 
fluorescence in photosyn- 
thesis 
Chlorophyll a, 326 
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fluorescence, 48-49 
low temperature effect, 
60 
Chlorophyll a/b complex, 347- 
48, 365 
flashed bean leaves, 362, 
373-74 
photochemical apparatus 
model, 353, 355 
Chlorophyll b, 359-60, 374 
during leaf greening, 
362 
Chlorophyll C-705, 353, 
355 
Chlorophyllide a, 110 
Chloroplasts 
Cz glucan synthesis, 394 
carboxydismutase loss, 
209 
dihydroxyacetone phosphate 
export, 402 
distribution 
Thalassia, 78-79 
DNA, 217 
configuration, 219 
genome sizes, 217-18 
function 
genotypic determination, 
230 
genetic regulation scheme, 
224 
genophore 
gene content, 220 
mapping, 219-20 
mitochondria effect, 225 
nuclear mRNA translation, 
225 
nucleus role in biogenesis, 
218, 221 
numbers and gene dosage, 
224-25 
phosphoenolpyruvate carbox- 
ylase, 391 
pigment aggregates, 
protein synthesizing 
217 
ribulose bisphosphate carbox- 
ylase, 226, 231, 391 
structure 
alteration by CO 
C, plants, 230 
genotypic determination, 
230 
terpene synthesis, 183 
see also Photosynthesis appa- 
ratus energy distribution; 
Photosynthesis genetics 
and crop improvement 
Chloropseudomonas ethylicum 
ribulose bisphosphate carbox- 


223 


system, 


992 
9? 268 
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ylase, 72 
TCA cycle lack, 72 
Cholesterol, 37, 174 
Chromatium 
okennii, 69 
vinosum 
photoautotrophy, 69 
Chromatium spp. 
citramalate pathway, 71 
growth on acetate 
carbon metabolism changes, 
69-70 
reductive pentose phosphate 
cycle, 82 
Chromium translocation, 541 
Chromosome 
repair of breaks, 422 
see also Meiotic crossing- 
over regulatory mecha- 
nisms 
Chrysanthemum 
phyllotaxis alteration, 242 
Chymotrypsin, 141 
Chymotrysinogen, 141 
Cicer 
see Chickpea 
Circadian rhythm 
crassulacean acid metabolism 
plants, 397 
regulation, 403 
Citramalate pathway, 71-72 
Citramalate synthase, 72 
Citrate, 330 
iron binding in xylem, 539 
Citrate lyase, 72-73 
Citrate synthetase, 76 
Citric acid, 108, 520 
vacuole 
localization, 197, 201 
transport, 202 
Citrulline, 76 
Citrus 
aluminum benefit, 522 
copper-induced chlorosis, 
542 
iron deficiency, 513 
see also Lemon 
Citrus mottle leaf, 3 
Cladophora spp., 498 
polarity, 488 
Clivia spp. 
microfilaments, 504 
Clostridium sp. 
nitrogenase, 331 
Clover (Trifolium) 
manganese tolerance, 525 
Cobalt 
chelates 
uptake, 539 
in xylem, 540 


Codium decorticatum 
chloride flux, 134 
osmotically active molecules 

regulation, 131 
turgor pressure, 128 

Coffee 
phenology, 299 

Colchicine, 246, 421, 433, 

492 
lectin receptor redistribu- 
tion, 496 

Coleus 

leaf primordia initiation, 
246 

Colicins, 36 

Concanavalin A, 500 
membrane receptors redis- 

tribution, 495-96 
yeast vacuole binding, 198 

Convolutus 

advantitious organ formation, 
256 

Copalylpyrophosphate, 157 
ent-kaurene formation, 158 

Copper 
chelate 

uptake, 539 
xylem copper, 540 
ecotype tolerance, 545-46 
mechanism, 546 
labile pool, 538 
soil equilibria, 537-38 
sulfur interaction, 542 
toxicity, 536, 542 
iron interaction, 541 
metals interaction, 542 
source, 537 
study, 544 
translocation, 540 

Cordyline terminalis 

shoot-rhizome dimorphism, 
257 

Corn (Zea), 112 

aluminum tolerance, 514 
beneficial effect, 522 
magnesium effect, 521 
phosphorus nutrition, 517- 

18 
root phosphatase, 519 
6-aminolevulinic acid form- 
ation, 106-7, 109 
6-aminolevulinic acid trans- 
aminase, 109 
CO, compensation points, 
86 

copper uptake, 539 

foliar lead, 540 

gibberellin 
2-B-hydroxylation, 174 
isokaurene formation, 158 


ent-kaurene synthesis, 180 
iron/ aluminum effect on root 
rot, 521 
iron tolerance, 534 
lead localization, 543 
manganese tolerance, 525 
metal toxicities, 542 
phytochrome involvement in 
greening, 113 
turgor pressure measure- 
ment, 125 
zine uptake, 539 
Corrinoids, 96, 98 
Cotton (Gossypium), 83 
aluminum toxicity, 512 
injury sites, 518 
manganese toxicity, 524, 
527 
iron relationship, 527 
phenology, 298 
photosystem I genetic defect, 
223 
photosynthetically positive 
mutants, 232 
soil water 
root zone storage, 285 
stomatal closing, 289 
theoretical yield, 228 
zine toxicity, 537 
Coulter counter 
cell volume measurements, 
128, 139 
Cowpea (Vigna) 
phenology, 298 
Crane, J. C., 8 
Crassulacean acid metabolism 
(CAM), 205, 307, 379-414 
aridoactive plants, 281 
carbon isotope ratios as in- 
tegrators, 404 
CO, fixation response to 
environment, 405-6 
regulated metabolism in- 
tegration, 404-5 
conclusions, 406-7 
definition, 380-82 
COp5 assimilation phases, 
380-82 
double carboxylation hypothe- 
sis, 389-90 
environmental context, 383 
CAM induction and water 
relations, 386 
day temperature and light 
intensity, 387 
endogenous and develop- 
mental factors, 388-89 
night temperature, 387 
other responses, 386-87 
photoperiod, 388 





stomatal responses, 385 
water relations, 383-85 
introduction, 380 
physiological context, 381 
carbohydrate metabolism 
in dark, 392-94 


compartmentation and trans- 


port, 395-97 
CO, fixation and malic acid 
synthesis, 389-92 
malic acid decarboxylation, 
392 
pyruvate and PEP fate, 394- 
95 
regulation, 397-98 
carbohydrate synthesis, 
402 
deacidification, 400-2 
during circadian rhythms, 
403 
during stress, 403-4 
by enzyme capacity change, 
398 
malic acid synthesis, 398- 
400 
phase 4 carboxylases, 402 
taxonomic and geographic 
contex, 382-83 
arid regions, 383 
water utilization efficiency, 
294 
Creosote bush (Larrea) 
water use efficiency, 296 
Crepis capillaris 
mutants, 422 
Crop improvement by cell cul- 
ture 
requirements, 12 
Crossover 
see Meiotic crossing-over 
regulatory mechanisms 
Cucumber (Cucurbita), 112 
6-aminolevulinate formation, 
108 
6-aminolevulinie acid forma- 
tion, 105 
protoporphyrin IX, 112 
formation, 114 
Cucurbita pepo 
geranylgeranylpyrophosphate 
formation, 155 
Cucurbita spp. 
gibberellin 
aldehyde synthesis, 160- 
62 
carbon-20 loss, 174 
metabolite identification, 
154 
pathways from aldehyde, 
166-68 


ent-kaurene to ent-7a- 
hydroxykaurenoic acid 
sequence, 159 
Cutleria spp. 
aucanten, 469 
ectocarpen, 469-70 
multifidene, 469 
Cyanide, 19 
Cyanidium caldarium, 112 
6-aminolevulinic acid form- 
ation, 106-7, 109 
phycobilin synthesis, 111 
Cyanobacteria 
PS I, 366 
see also Heterocysts 
Cyanophage N1, 322 
Cyanophycin, 335 
heterocyst plugs, 324 
synthesis, 330 
Cyclic adenosine monophos- 
phate (cAMP), 479 
Cyclohexane-tetrol 
osmotic balance adjustment, 
132 
Cycloheximide, 28, 33, 115, 
447, 493, 524 
effect on cell polarity, 491- 
92, 495 
formation inhibition 
photosystem II proteins, 
226 
plastid proteins, 224 
Cyclotella nana 
Calvin cycle, 77 
Cymodocea rotundata 
photosynthesis stimulation, 
79 
Cysteine, 182 
Cytisus scoparius 
gibberellin glucosyl ethers, 
181 
Cytochalasin B, 492-93, 497 
effects on polar axis forma- 
tion, 491, 495, 506 
microfilament attachment 
prevention, 496 
sulfated fucan deposition, 
492 
Cytochrome bs59> 327 
Cytochrome b563> 327 
Cytochrome c 
solute extraction from cells, 
195 
Cytochrome C554, 32 
Cytochrome f-552, 223 
Cytochrome P59, 159-60, 
168 
Cytokinin, 244, 287 
fruit set, 8-9 
organ formation, 256 
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roles, 11 
Cytoseira spp. 

rhizoid formation site, 490 
Cytosol, 500 


D 


2,4-D (2, 4-dichlorophenoxy- 
acetic acid), 7 
effect on membrane resis- 
tance to pressure, 135 
fruit maturation, 9 
Darlingtonia spp. 
shoot apex differentiation, 
250 
Daucus 
see Carrot 
Davis, A. R., 6 
Dehydration effect on protein 
synthesis, 35 
1, 10-Dehydro-19, 2-lactone, 
166 
Delayed fluorescence in photo- 
synthesis, 47-66 
discovery, 47 
factors affecting intensity, 
50 
flash number, 54-55 
origin, 51 
photosynthesis relationship, 
47 
pigments and systems, 48- 
49 
photosystem II, 48 
recombination hypothesis, 
48 
closed reaction centers, 
52-53 
excited reaction center pig- 
ment, 49 
primary charge pair, 50 
quantum yields, 52 
rate constant, exciton, and 
emission yields, 50-52 
red vs blue light, 58 
secondary electron transport 
in PS II, 53-54 
decay kinetics, 56-57 
low temperature emission, 
57-58 
S states, 54-56, 61 
thermoluminescence, 58- 
60 
stimulation 
acid, 60 
electrical field, 61 
organic solvents, 61 
salt, 61 
temperature, 61 
6-Deoxyglucose, 447 
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Deoxyribonucleic acid 
accumulation inhibition, 27 
chloroplast, 217 

importance, 218 
mapping, 219-20 
photosystems I and II, 223 
protein synthesis and chro- 
mosomal DNA, 225 
replication inducer control, 
224 
RNA hybridization, 220 
duplex, 431 
endonuclease, 419 
fragment insertion, 416 
heterocysts, 324, 336-37 
meiosis 
breakage regulation, 419- 
22 
breaks, 417 
nicking at pachytene, 417- 
19, 427 
pachytene fractions, 425- 
26 
prophase synthesis sites, 
423-26 
reannealing, 429 
repair synthesis, 422-23, 
427 
U-protein, 429, 435 
zygotene DNA synthesis, 
424 
plastochron, 247 
replication 
aluminum effect, 519 
manganese effect, 524-25 
RNA polymerase complex, 
29 
sedimentation behavior, 420 
synthesis 
heat effect, 26 
thermal injury repair, 26 
see also Meiotic crossing- 
over regulatory mecha- 
nisms 

Deoxyribonucleic acid poly- 

merase, 419, 423, 427 
U-protein, 435 
competition, 429 

Deschampia flexuosa 

aluminum and nitrate toler- 
ance, 515 
iron tolerance, 534 
Deuterium 
gibberellin metabolite identi- 
fication, 154 
Dextrane sulfate, 37 
2, 4-Dichlorophenoxyacetic 
acid 
see 2,4-D 
3, 5-Dichlorophenoxyacetic 
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acid, 135 
3-(3, 4-Dichlorophenyl)-1, 1- 
dimethylurea, 55-56, 59, 
326, 333, 360, 362, 374, 
449, 451 
Dicksonia squarrosa 
leaf initiation, 247 
Dictyopteria spp. 
ectocarpen, 469-70 
Dictyuchus spp. 
pheromone, 475 
Dicyclohexyl-18-crown-6, 
37 
Diethylstibestrol, 445 
Dihydrocoptisine, 206 
localization, 197 
Dihydroxyacetone phosphate 
export from chloroplast, 
402 
7B-13-Dihydroxykaurenolide, 
176 
Dimethyl-3-propiothetin, 197 
Dinitrophenol, 199, 201-2, 
516 
y-é-Dioxovaleric acid, 109 
6-aminolevulinic acid form- 
ation, 103, 109-10 
conversion to a-hydroxyglu- 
tarate, 109 
y-6-Dioxovaleric acid trans- 
aminase, 103 
6-aminolevulinic acid form- 
ation, 108-9 
in plants, 109 
a, a-Dipyridyl, 113 
Douglas fir (Pseudotsuga) 
manganese toxicity, 527 
Drosophila melanogaster 
RNA processing, 29 
RNA transcription 
heat effect, 28-29 
Drosophila spp. 
crossing-over frequency, 
426, 435 
Drought resistance 
see Plant productivity 
Dryopteris dibtata 
primordia isolation effect, 
252 
Dunaliella parva 
glycerol synthesis, 133 
nonosmotic volume, 127 
osmoregulation, 127 
Dunaliella spp. 
osmotic balance adjustment, 
132 


E 


Echeveria pumila 


growth and transpiration 
ratio, 386 
Ectocarpen, 469 
essential oil, 470 
gamete binding, 470 
pheromone threshold concen- 
tration, 469 
Ectocarpus siliculosis 
gamete attractant, 468 
gamete behavior, 468 
ectocarpen, 469 
Ectocarpus spp. 
ectocarpen, 470 
genetic studies, 471 
life cycle, 471 
pheromone, 469 
receptors, 470 
Egeria densa 
photosynthesis saturation, 
86 
Elodea 
canadensis 
CO, compensation point, 
86 
CO, fixation, 87 
photosynthesis saturation, 
86 
occidentalis 
photosynthesis rates, 85 
Encelia farinosa 
water use efficiency, 292 
Endonuclease 
meiosis, 422, 430 
chromosome pairing, 421 
DNA nicking, 419 
transient formation, 421 
Endonuclease-restrictase, 
220 
Endoplasmic reticulum 
microtubule association, 38 
polysome association, 35 
Energy coupling 
see Membrane transport 
energy coupling 
Enolase, 402 
Enzyme 
penetration and turgor pres- 
sure, 141 
2,3-Epoxide, 172 
Equisetum spp., 497 
Erica 
cinera, 534 
tetralix 
iron tolerance, 534 
Escherichia coli, 30 
DNA synthesis, 26 
electrogenic pump regulation, 
442 
B-galactoside permease 
proton-linked, 445 





gene expression, 320 
initiating factor heat lability, 
32 
ribosomal subunit heat stabil- 
ity, 31 
RNA degradation, 30 
RNA polymerase, 29 
rRNA degradation, 29 
tRNA conformational changes, 
32 
translation 
initiation cold sensitivity, 
34 
recovery, 34 
Estrone, 174 
Ethane 
gamete attraction, 464 
Ethionine, 334 
Ethrel (2-chloroethaneophos- 
phonic acid), 7 
fruit growth, 9 
Ethylene, 7, 19 
fruit 
CO, production rise, 17- 
18 
growth, 8 
maturation, 9-10 
uridine incorporation, 
gamete attraction, 464 
roles, 11 
synthesis, 18 
Etioplasts, 217-18, 224 
Eucalyptus 
gummifera 
manganese tolerance, £ 
saligna, 527 
Eucalyptus spp. 
aluminum 
beneficial effect, 522 
manganese toxicity 
iron treatment, 527 
Euglena gracilis 
chlorophyll synthesis, 111- 
12 
chloroplast DNA importance, 
218 
lamellar protein code, 221 
plastid development, 112 
Euphorbia esula 
procambial traces, 242-43 
Exonuclease 
DNA 
nicking, 422 
repair and recombination, 
427 


F 


Farnesylpyrophosphate, 155 
synthetase, 155 
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Fegatella spp., 497 
Ferocactus 
see Barrel cactus 
Ferocactus acanthodes 
CO, dark assimilation, 385 
Ferredoxin 
cyanobacteria, 327-28 
Ferricyanide, 349 
Fibonacci phyllotaxis, 240- 
41 
Fischerella spp. , 322 
Flax (Linum) 
aluminum beneficial effect, 
522 
iron toxicity, 532 
Florigen 
flowering role, 7 
Flower bud differentiation, 
7-8 
18-Fluoro gibberellin-aldehyde 
metabolism, 179 
Fluorophenylalanine, 334 
5-Fluorouracil, 477 
Fontinalis antipyretica, 86 
Formic acid, 72 
Frankia spp., 271 
Frenkel, C., 9 
Fructose 
Anabaena growth, 322 
Fructose- 1, 6-diphosphate, 
400 
Fucoidin, 493 
composition, 501 
electric mobility, 505 
Fucus rhizoid formation, 
501-3 
sulfate accumulation, 502 
lectin binding, 502 
Fucoserratin, 468 
threshold concentration, 
469 
Fucus 
distichus 
fucoidin sulfation, 502 
light and polar axis fixa- 
tion, 491 
polar axis fixation, 490 
serratus 
fucoserraten, 468 
fucoserraten sensitivity, 
469 
spiralis 
sexual pheromone, 468 
vesiculosus 
fucoidin, 493 
fucoserraten sensitivity, 
469 
light and rhizoid formation, 
491 
osmiophilic body accumu- 
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lation, 492 
rhizoid formation site, 493 
sexual pheromone, 468 
Fucus spp. 
carotene, 475 
development, 489 
embryo study advantage, 
490 
rhizoid, 489 
electric current, 504 
gamete chemotaxis, 464, 
468 
polar cell formation, 490 
polar axis fixation, 490-97 
polar axis fixation hypothe- 
sis, 497, 504 
polar plasmolysis, 494 
polarity, 489 
studies, 505-6 
rhizoid formation, 501 
fucoidin, 501 
lectin binding, 503 
sulfation, 502-3 
Fumarase, 389 
Fumarate reductase, 72 
Fungi 
see Pheromones in algae 
and fungi 
Fusicoccin, 445 
electrogenic hydrogen efflux, 
440 
potassium uptake, 448 


G 


Galactose, 498 
lectin binding inhibition, 503 
B-Galactoside permease 
proton-linked, 445 
Geranylgeranylpyrophosphate 
ent-kaurene synthesis 
inhibitors, 158 
intermediate, 155 
metabolic control, 180 
steps, 155, 157-58 
synthetase, 155 
proplastids, 183 
Geranylpyrophosphate, 155 
Gibberella fujikuroi, 150 
carbon-20 loss, 174 
gibberellin-alcohol metabo- 
lism, 179 
gibberellin-aldehyde forma- 
tion, 161, 184 
ent-7a-hydroxykaurenoic 
acid synthesis, 159 
38-hydroxylation, 157 
ent-kaurene synthetase puri- 
fication, 158 
ent-kaurenoic acid ring D 
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analogs, 176-77 
metabolism of GA analogs 
and precursors, 175-76 
mutant Bl-41la, 151, 162-66, 
174, 176-77, 179 
pathways from GA-aldehyde, 
162-66 
unnatural steviol effect, 169 
ent-Gibberellane, 150-51 
structure, 154 
Gibberellic acid, 524 
Gibberellin 
cactus spine production, 
251 
ethylene effect counteraction, 
10 
fruit set, 8 
glucosyl ether, 171-73, 182- 
83 
leaf form change, 250 
phyllotactic change, 242 
plant development role, 7 
roles, 11 
Gibberellin metabolism, 149- 
92 
cell-free pathways from GA- 
aldehyde, 166 
Cucurbita, 166-68 
Phaseolus, 168 
Pisum, 168 
cellular pathways from GA- 
aldehyde 
natural process criteria, 
168-69 
other plants, 174 
Phaseolus, 171-73 
Picea, Pinus, Pseudotsuga, 
173-74 
Pisum, 169-71 
Co9-GA conversion to Cjg - 
GA mechanism, 174-75 
compartmentalization, 182-83 
conclusions, 184-85 
questions, 184-85 
enzymes nature, 168 
fungal metabolism of GA 
analogs and precursors, 
175-76 
Co9-GA analogs, 179 
ent-kaurenoids ring A ana- 
logs, 177, 179 
miscellaneous analogs of 
ent-kaurenoic acid, 177 
fungal pathways from GA- 
aldehyde 
Gibberella mutants, 162- 
63 
3-hydroxylation pathway, 
163-65 
non-3-hydroxylation path- 


way, 165-66 
gibberellin-aldehyde synthe- 
sis, 160-61, 164-65 
intact higher plants, 162 
ring contraction mecha- 
nism, 161-62 
gibberellin levels regulation, 
179-80 
branch-points metabolic 
control, 180 
gibberellin derivatives, 
181-82 
28-hydroxylation, 181 
glucosyl esters, 171-73, 
181-82 
ent-7 a-hydroxykaurenoic 
acid synthesis 
enzymes properties, 159- 
60 
mixed-function oxygenases, 
159 
pathway, 159 
28-hydroxylation, 169-70, 
174, 180 
36-hydroxylation, 171-72, 
174, 179 
suppression, 177 
introduction, 150-54 
aldehyde, 151 
gibberellin structures, 
151-528 
plant vs fungus pathways, 
151 
ent-kaurene formation from 
mevalonic acid, 155-58 
metabolite identification, 
154-55 
Gibberethione, 182 
Gleotrichia spp., 322 
Glucokinase, 393-94 
Glucose, 498, 524 
blue-green algae assimila- 
tion, 75 
dehydrogenase, 75 
synthesis, 83 
Glucose-6-phosphate, 400 
dehydrogenase, 328, 393, 
399 
phosphoenolpyruvate carbox- 
ylase activation, 399 
Glucosephosphate isomerase, 
393 
a-Glucosidase, 206 
B-Glucosidase, 206 
Glutamate, 264, 274, 333 
ammonium assimilatory 
enzymes regulation, 271 
heterocysts, 329-31 
synthase, 264-65, 270-71, 
273 


ammonium assimilation, 
274 
Glutamic acid, 18, 199 
absence from vacuoles 
yeast, 197 
é6-aminolevulinic acid forma- 
tion, 104-5, 108-9, 112 
isotope distribution, 71 
Chlorobium, 72 
plant uptake, 108 
protoheme formation, 107 
protoporphyrin IX formation, 
108, 114 
synthesis, 71-73 
blue-green algae, 74 
Glutamine, 265, 330, 333 
accumulation in vacuoles, 
196 
heterocysts, 329, 334 
nif operon regulation, 332 
synthetase, 264-65, 270, 
273 
ammonium assimilation, 
274 
Anabaena, 338 
bacterial nitrogen fixation 
role, 332, 339 
heterocysts, 329, 331 
inhibitors, 332 
Nif genes transcription, 
266 
Glutamine-oxoglutarate amido 
transferase 
Anabaena, 332-33 
heterocysts, 329, 331 
Glyceraldehyde phosphate de- 
hydrogenase, 401 
Glycerol, 396 
osmotic balance adjustment, 
132 
synthesis, 133 
Glycine, 71, 79, 199, 332 
6-aminolevulinie acid forma- 
tion, 98-102, 107, 114 
Chlorella, 106 
cucumber, 105 
chlorophyll formation, 102- 
3 
plant uptake, 108 
protoheme formation, 107 
vacuole accumulation, 201 
see also Soybean 
Glycine-betaine 
osmoregulation, 132-33 
Glycolate synthesis 
C4 plants, 78 
Glycolate oxidase, 86 
Glycolate pathway, 79 
Glyoxylase, 109 
Glyoxylate cycle, 76 





Golenkinia minutissima 
protochlorophyllide, 111 
Golgi bodies 
rhizoids, 492 
Gonadotropic hormones, 479 
Gossypium 
see Cotton 
Gram (Phaseclus) 
6-aminolevulinic acid forma- 
tion, 107 
Grape (Vitis) 
tonoplast sugar transporting 
system, 204 
Griffithsia spp. 
polarity, 488 
Gunnera spp. 
Nostoe symbiont, 337-38 


H 


Haemanthus spp. 
actin, 504 
microfilaments, 496 
Halicystis parvula 
chloride flux, 134 
osmotically active molecules 
regulation, 131 
turgor pressure, 
Halophila ovato 
photosynthesis reduction, 
79 
Hatch and Slack pathway, 74, 
78 


128-29 


sugar synthesis, 83 
Heat effects on protein synthe- 
sis, 25-46 
conclusions, 38-39 
DNA synthesis, 26 
introduction, 25-26 
membrane involvement in 
regulation, 35-36 
cell surface effects, 36-37 
protein synthesis 
impairment, 30 
repair, 33-34 
ribosome thermostability, 
30-33 
RNA synthesis, 27-30 
biological significance, 28 
degradation, 29-30 
translational response to 
stress 
microtubules, 38 
putative structural mecha- 
nisms, 37-38 
translational stages thermo- 
stability, 31-32 
aminoacyl-tRNA thermo- 
lability, 31 
translation initiation 


environmental stress 
sensitivity, 34-35 
inhibition and cell injury, 
36 
Hedera helix 
leaf form change, 250 
HeLa cells 
cell surface characteristics 
and heating, 36 
protein synthesis 
impairment, 30 
inhibition, 37 
regulation at elevated 
temperatures, 32 
translation recovery, 34 
RNA 
degradation, 30 
synthesis, 27-29, 33 
Helianthus 
see Jerusalem artichoke; 
Sunflower 
Hematinic imide, 108 
Hemes 
see 6-Aminolevulinic acid 
and plastids 
Hemin 
globin synthesis, 32 
Hemp (Cannabis) 
iron tolerance, 534 
n-Heptane, 468-69, 471 
Heterocysts 
biochemistry, 325-26 
carbon metabolism, 328- 
29 
carbon/ nitrogen flow mod- 
el, 330 
nitrogenase, 331 
nitrogen fixation require- 
ments, 325 
nitrogen metabolism, 329- 
33 
photosynthetic activities, 
326-27 
differentiation, 
gene transcription, 


22997 
390706 
Q 

on 


36- 


37 
proheterocysts, 334 
protein synthesis, 335-36 
experimental material 

choice, 321-22 
future direction, 338-39 
introduction and conclusions, 
319-21 

definition, 319 

gene regulation, 320 

microplasmodesmata, 321 

protease, 321 

role, 320 
isolation, 324-25 
requirement for nitrogen 
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fixation, 336 
structure, 323-24 
DNA, 324 
envelope, 323 
granules, 323-24 
plugs, 324 
septum, 323 
thylakoids, 324 
in symbiotic cyanobacteria, 
337 
Heteromeles arbutifolia 
water use efficiency, 294 
Hevea brasiliensis 
amino acid localization, 201 
arginine / lysine transport, 
201 
ATPase in vacuoles, 199 
citrate transport, 202-3 
inorganic ion distribution, 
198 
malic/citric acids localiza- 
tion, 197, 201 
mRNA in lutoids, 198-99 
proton pump, 203 
tonoplast properties, 198 
Hexosamine, 499 
n-Hexane, 468 
pheromone 
threshold concentration, 
469 
Hibbard, P. L., 3 
Hill reaction, 21, 223 
Hippeastrum 
ATPase in vacuoles, 199 


Histidine, 199-200 
Histone, 250, 428 
Hoagland, D. R., 3, 5-6 
Hodgson, R. W., 15 
Holochrome, 110 
Hordeum 


distichon 
diterpene formation, 162 
ent-7a-hydroxykaurenic 
acid synthesis, 159 
vulgare 
gibberellins and chloroplasts, 
183 
see also Barley 


Hormones 


definition, 462 


Horticulture-plant physiology 


interface, 1-23 
academic freedom, 22-23 
biology, 22 
chemical regulation, 6-7 
flower bud differentiation, 
7-8 
fruit maturation, 9-10 
fruit set and growth control, 
8-9 
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state of the art, 10-11 
definition, 2 
emerging research frontiers 
basic processes control, 
11-12 
crop regeneration and im- 
provement, 12 
old problem-new approach, 
13 


fruit ripening-leaf senescence, 


19-21 
no better life, 23 
physiological disorders stud- 
ies 
important scientists, 5-6 
interdisciplinary approach, 
3-4 
the problem, 3 
take-home lessons, 4-5 
postharvest physiology 
ethylene, 18 
a fortunate break, 17-18 
unfinished research, 18-19 
subtropical horticulture, 21- 
22 
training for teaching and re- 
search 
Davis nondegree program, 
14-15 


horticulture-plant physiol- 
ogy at Berkeley, 15-17 

immigrant in California, 
13-14 


Hydrilla verticillata 
anatomy and 613¢ values, 
87 
CO, compensation point, 86 
photosynthesis saturation, 
86 
photosynthetic rates, 85 
Hydrodictyon africanum 
chloride influx, 451 
sodium efflux / potassium 
influx, 449 
Hydrogen 
efflux, 438 
electrogenic pumps, 439-40, 
444 
electric potential, 440 
nitrogenase catalyzed evolu- 
tion, 267-68 
potassium transport, 448 
transport 
animals, 439 
bacteria, 438-39 
Neurospora, 442 
plant cells, 439 
uptake system, 272-73 
see also Membrane transport 
energy coupling 
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Hydrogenase, 333 
Hydrogenomonas, 75 
Hydrostatic pressure 
protein synthesis inhibition, 
34-35 
Hydroxamate, 521 
B-Hydroxybutyrate, 71 
12a-Hydroxygibberellin, 169- 
70 
a-Hydroxyglutarate, 109 
ent-7a-Hydroxykaurenoic 
acid, 164, 177 
formation from ent-kaurene 
enzyme properties, 159- 
60 
Hordeum chloroplasts, 
183 
pathway, 159 
gibberellin-aldehyde synthe- 
sis, 160-61 
ent- 15a-Hydroxykaurenoic 
acid, 177 
ent- 158-Hydroxykaurenoic 
acid, 177 
ent-3a-Hydroxykaurenol, 179 
Hydroxylamine, 50, 53-54, 
57 
6-Hydroxylevulinic acid, 109 
4-Hydroxymethyltrisporates, 
476 
Hypochoeris radicata 
bivalents at meiosis, 422 
Hypolepsis punctata 
bud conversion, 254 


IF-2 initiating factor 
heat lability, 32 
Indoleacetic acid, 244 
effect 
membrane resistance to 
pressure, 135 
fruit 
growth, 9 
maturation, 9 
manganese toxicity, 524 
meristem determination, 
255 
shoot-rhizome dimorphism, 
257 
Indoleacetic acid oxidase, 
524 
isozymes 
fruit ripening, 10 
Invertase, 206 
Ipomoea 
see Morning glory 
Iron 
citrate binding in xylem, 


539 
deficiency 
aluminum interaction, 521- 
22 
cause, 513, 545 
manganese cause, 527 
metals interaction, 544 
symptoms, 541 
gibberellin metabolism, 168 
manganese toxicity decrease, 
527-28 
other metals interaction, 
541 
toxicity 
differential tolerance, 534- 
35 
general occurrence and 
importance, 531 
manganese association, 527 
uptake, 539 
Isocitric lyase, 75 
Chlamydomonas, 76 
Isofluoridoside 
osmotic balance adjustment, 
132 
synthesis, 133 
Isokaurene, 158 
Isopentenylpyrophosphate, 155 
Isopentenylpyrophosphate iso- 
merase 
proplastids, 183 
Isosteviol metabolism, 177 


J 


Jerusalem artichoke (Helian- 
thus) 
heating effect on nucleoli, 
27-28 
Jojoba (Simmondsia) 
water use efficiency, 293 


K 


Kalanchoé 
blossfeldiana 
CAM modulation by inhibi- 
tor, 388 
carbon dioxide fixation, 
406 
PEP carboxylase synthesis, 
398 
photoperiod effect on CAM, 
388 
daigremontiana 
malic acid synthesis regu- 
lation, 399-400 
metabolic interactions, 404- 
6 
NAD malic enzyme, 392 





night temperature effect 
on CAM, 387 
ribulose-1, 5-bisphosphate 
carboxylase, 391 
tissue water potentials, 
384 
vacuole osmotic pressure, 
397 
ent-Kaurene, 150, 162, 167, 
179-80 
conversion to gibberellin- 
aldehyde, 159-62, 168 
conversion to ent-7a-hydro- 
xykaurenoic acid 
pathway, 159 
formation from mevalonic 
acid, 155-58 
structure, 154 
synthesis in chloroplasts, 
183 
ent-Kaurene synthetase 
metabolic regulation, 180 
protoplastids, 183 
purification, 158 
ent-Kaurenoic acid, 163 
chloroplasts, 183 
metabolism, 177, 179 
ring D analogs, 176-77 
steviol metabolism, 176 
ent-Kaurenol, 177, 183 
a-Ketoglutarate, 106-7, 274 
6-aminolevulinie acid form- 
ation, 108-10, 112, 114 
y-6-dioxovaleric acid form- 
ation, 109 
a-Ketoglutarate dehydrogen- 
ase, 69, 105 
lack 
Anacystis, 75 
blue-green algae, 74, 87 
Chlamydomenas, 76 
Chloropseudomonas, 72 
synthetase, 70 
Chlorobium, 72 
reductive carboxylic acid 
cycle, 73 
Kikuyu grass (Pennisetum) 
aluminum toxicity, 517 
Klebsiella pneumoniae 
ATP requirement for N, 
fixation, 268-69 " 
Hy evolution, 267 
maintenance energy require- 
ment, 269 
Nif genes, 263 
nitrogenase derepressed 
mutants, 264-65 
nitrogenase synthesis con- 
trol, 265 
Klebsiella sp. , 332 


L 


Lactobacillus spp,, 391 
malic enzyme, 389 
Lagarsiphon major 
photosynthesis saturation, 
86 
Lang, Anton, 7, 21 
Larrea 
see Creosote bush 
Laties, G., 19, 21 
Latuca 
see Lettuce 
Lead 
exotype tolerance, 545-46 
excretion, 544 
soil availability, 543 
toxicity 
physiology, 543-44 
sources, 536 
translocation, 540 
factors affecting, 541 
Lectins, 496 
Leghemoglobin, 272 
Lemon (Citrus) 
fruit 
induced COp rise, 17 
transpiration rate periodi- 
city, 16-17 
Lettuce (Latuca) 
gibberellin 
13-hydroxylation, 174 
manganese toxicity, 527 
injury type, 528 
iron decrease, 527 
iron deficiency, 527 
tolerance inheritance, 
531 
Leucine, 37, 74, 199, 271 
zoospore attractant, 467 
Levulinic acid 
6-aminolevulinic acid form- 
ation, 105-6, 112 
inhibition, 104, 112 
oxygen requirement, 113 
spinach, 108 
Lichens 
cyanobacterial phycobionts, 
338 
Ligase, 419, 423, 427 
Light 
6-aminolevulinate formation, 
112 
electrogenic pumps, 440 
potassium uptake, 448 
hyperpolarization, 443 
manganese toxicity, 527 
photosynthesis yield, 346 
polar axis fixation, 490-91, 
495 
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sodium efflux/ potassium 
influx, 449 
see also Photosynthesis appa- 
ratus energy distribution 
Lily (Lilium) 
hybrid failure to form chias- 
mata, 420 
meiosis 
crossing-over reduction, 
433 
crossover frequency, 435 
DNA nicking at pachytene, 
418-19, 427 
DNA reannealing, 428-29 
DNA repair, 422 
pachytene DNA, 426 
pathway, 433 
R-protein, 430 
zygotene DNA synthesis, 
424 
microfilaments, 504 
Limonium spp. 
chloride uptake, 452 
ATPase, 452 
Linum 
see Flax 
Luckwil, L. C., 8 
Luminescence 
see Delayed fluorescence in 
photosynthesis, 48 
Lupine (Lupinus) 
iron tolerance, 534 
leaf site determination, 
244 
Lutoids, 197 
arginine / lysine transport, 
201 
citrate transport, 203 
ion content, 198 
rRNA presence, 198-99 
Lycopersicon 
see Tomato 
Lysine, 199-200 
transport in vacuoles, 201 
zoospore attractant, 467 
Lysozyme 
heterocyst isolation, 324-25 
Lysyl-tRNA synthetase 
thermolability, 31 


M 


Magnesium 
aluminum toxicity, 521 
effect 
on fluorescence, 51 
on nickel toxicity symptoms, 
542 
farnesylpyrophosphate, 
155 
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ent-kaurene synthetase 
activity, 158 
manganese uptake decrease, 
524 
metal resistance of fungi, 
547 
photosynthesis, 347-48 
effect on energy distribu- 
tion, 357 
effect on tripartite model, 
376-77 
energy transfer, 361 
R-protein, 430 
vacuolar accumulation, 197 
lutoids, 198 
Maize (Zea) 
aluminum toxicity, 520 
canopy 
seed filling, 304 
water use efficiency, 294- 
95 
cell membrane resistance, 
444 
crossing-over studies, 417 
etioplast biogenesis, 218 
maternal plastid inheritance, 
231 
pachytene DNA sequences, 
426 
photosynthesis rate, 230 
secretory vesicle movement, 
504 
theoretical yield, 228 
translation recovery, 34 
see also Corn 
Malate, 230 
Calvin cycle repression, 
71 
chelating agent, 520 
zine tolerance, 547 
dehydrogenase, 69, 389 
Anacystis, 75 
lack in blue-green algae, 
74 
glutamic acid synthesis, 71 
sugar synthesis, 83 
synthesis, 71 
Malic acid 
compartmentation, 396 
conversion to glucan, 420 
crassulacean acid metabo- 
lism, 205 
deacidification, 394-95, 400- 
2 
decarboxylation, 392 
pathways, 395 
localization, 197, 205 
phosphoenolpyruvate carbox- 
ylase inhibition, 399, 401 
during deacidification, 402 


synthesis, 403 
carbohydrate source, 
393 
and CO, fixation, 389-92 
NADH requirement, 394 
phase 4, 402 
regulation, 398-400 
under stress, 403 
turgor pressure, 205 
see also Crassulacean acid 
metabolism 
Maltose 
heterocysts, 330 
Malus 
ske Apple 
Manganese 
chelates in xylem, 540 
concentration, 533 
differential tolerance, 525 
internal tolerance, 526- 
27 
manganese and rhizobia, 
530-31 
mineral clements interac- 
tion, 527-29 
organic complexes, 529- 
30 
plant injury types, 528 
uptake and transport, 525- 
26 
geranylgeranylpyrophosphate, 
155 
gibberellin-aldehyde metabo- 
lism, 166 
enzyme inhibition, 167-68 
heterocysts, 327 
iron toxicity decrease, 532 
toxicity 
acidic soils, 512 
genetic control, 531 
iron, 534, 542 
physiological and biochem- 
ical effects, 524-25 
plant symptoms, 523 
wet soil effect, 525 
Mango (Mangifera) 
ethylene and flowering, 7 
Mangrove (Avicennia) 
ATPase, 450 
Mannitol, 396 
heterocyst isolation, 325 
osmotic balance adjustment, 
132 
a-Mannosidase 
localization, 199 
vacuole, 206 
Marah macrocarpus 
gibberellin-aldehyde path- 
way, 184 
ent-kaurene synthesis, 155 


ent-kaurene synthetase, 
180, 183 
ent-kaurenoids synthetic 
sequence, 159 
Maytenus bureaviana 
manganese, 529 
Medicago 
see Alfalfa 
Meiotic crossing-over regula- 
tory mechanisms, 415-36 
background, 415-16 
crossing-over characteris- 
tics, 416 
DNA segments insertion, 
416 
chromosome breaks, 417- 
19 
DNA breakage regulation, 
419-22 
DNA prophase synthesis 
sites, 423-26 
pachytene DNA, 426 
positive interference, 424 
molecular setting, 416-17 
crossover definition, 417 
diagram, 418 
gene conversion, 417 
nicking to crossing-over 
transition, 427-32 
histones, 428 
protein effect, 428 
reassociation protein, 429 
R-protein, 430-32 
U-protein, 429-32 
repair of chromosome breaks, 
422-23, 428 
speculations, 432 
crossover regulation scheme, 
434 
meiosis process, 432 
phase II, 434 
Membrane 
function and cell injury, 
36 
hydrostatic pressure effect, 
35 
involvement in translation 
regulation, 35-36 
low temperature injury in- 
volvement, 34 
morphology and translation, 
37 
polar cell formation, 495 
translation control initiation, 
32-33 
see also Turgor- and osmore- 
gulation physics 
Membrane potential, 438, 443 
vs cell membrane resistance, 
444 





Membrane transport energy 
coupling, 437-60 
anion transport 
anion-ATPase, 452-53 
ATP vs redox energy, 450- 
52 
hydrogen cotransport, 452 
electrogenic hydrogen ion 
efflux, 439-40 
electrogenic pumps charac- 
terization, 440 
Acetabularia, 444 
characean cells, 443-44, 
452 
electric potential, 440 
equivalent circuit, 441 
higher plant cells, 444-45 
kinetic control, 442 
Neurospora, 442-43 
Riceia, 444 
summary, 445 
organic molecules transport 
algae, 446-47 
bacteria, 445-46 
fungi, 446 
higher plants, 447 
potassium transport, 447- 
48 
primary and secondary trans- 
port processes, 438 
animal cells, 439 
bacteria, 438-39 
plant cells, 439 
proton-motive force, 438- 
39 
sodium transport 
ATPase, 450 
efflux, 450 
potassium / hydrogen influx, 
449-50 
summary, 453-54 
Mercaptopyruvic acid, 182 
Meromyosin, 504 
Mesembryanthemum 
erystallinum 
dark COpg fixation, 386 
stress-hardening effect, 
130 
turgor regulation half-time, 
131 
volumetric elastic modulus 
values, 130 
nodiflorum 
CAM induction, 386, 407 
Mesquite (Prosopis) 
water use efficiency, 296 
Metal toxicity, 511-66 
aluminum general effects 
physiological effects, 514 
symptoms, 513 


beneficial effects of alumi- 
num, 522 
chelation, 539 
conclusion, 547-48 
differential aluminum toler- 
ance, 514 
ammonium vs nitrate nu- 
trition, 515 
calcium nutrition, 517 
minerals uptake, 521-22 
organic aluminum com- 
plexes, 520 
pH changes in root zones, 
514-15 
phosphorus nutrition, 517- 
20 
uptake and translocation, 
516-17 
differential manganese tol- 
erance, 525 
internal tolerance, 526- 
27 
manganese and rhizobia, 
530-31 
mineral elements interac- 
tion, 527-29 
organic compiexes, 529- 
30 
plant injury types, 528 
uptake and transport, 525- 
26 
genetic control 
aluminum tolerance, 522- 
23 
manganese tolerance, 531 
introduction, 512-13 
iron 
differential tolerance, 534- 
35 
general occurrence and 
importance, 531 
symptoms, 532 
toxicity physiology, 533 
labile pool, 538 
manganese toxicity 
physiological and biochem- 
ical effects, 524-25 
plant symptoms, 523 
other elements 
absorption, 539 
agricultural chemicals and 
urban wastes, 536-37 
air and water pollution, 
536 
cultivar differential toler- 
ance, 545 
differential tolerance, 
545 
ecotype differential toler- 
ance, 545-46 
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interactions with nutritional 
elements, 541-43 
metal equilibria in soils, 
537-38 
movement from soil to 
roots, 538-39 
natural occurrence, 535- 
36 
occurrence and importance, 
535 
physiology and biochemistry, 
543 
symptoms, 541-43 
tolerance mechanisms, 546- 
47 
translocation, 539-41 
Methane, 68 
Methanol, 68 
Methionine, 18, 502-3 
Methionine sulfoximine, 329 
effect on glutamine synthe- 
tase, 332 
nitrogenase production, 265- 
66 
Methylethylmaleimide, 108 
3-O-Methyl glucose, 446 
S-Methyl-L-methionine, 197 
Methylviologen, 360 
Mevalonic acid 
gibberellin 
complete synthesis system, 
168 
metabolite identification, 
154 
gibberellin-aldehyde synthe- 
sis, 151, 162, 166, 184 
mevalonic acid to ent- 
kaurene, 155-58 
pathway, 156 
synthesis in chloroplasts, 
183 
Mevalonic acid kinase, 155 
loss in plastids, 183 
Micrococcus cryophilus 
amino acids-tRNA binding 
impairment, 31 
protein synthesis impairment, 
30 
temperature and RNA synthe- 
sis, 27 
Microfilaments, 494, 497, 
503, 506 
cell membrane stabilization, 
496 
orientation, 505 
Microplasmodesmata, 321, 
323 
Microsporocytes, 415 
Microtubules, 492, 497 
cellulose microfibril orienta- 
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tion, 246 
membrane stability, 496 
protein synthesis, 38 
Milk vetch (Astragalus) 
aluminum beneficial effect, 
522 
Mimosa spp. 
action potential, 136 
Mirabilis jalapa 
plastid inheritance, 217 
Mitochondria 
é-aminolevulinic acid synthe- 
tase, 114 
ATP production, 448 
bacteriod similarity, 271 
chloroplast biosynthesis, 
225 
NAD malic enzyme, 392, 
401 
phosphoenolpyruvate carbox- 
ylase, 391 
rhizoids, 492 
Molybdenum 
effect on aluminum toxicity, 
521 
heterocyst differentiation, 
330 
frequency, 335-36 
manganese absorption, 528- 
29 
Monochrysis lutheri 
osmotic balance regulation, 
132 
Morning glory (Ipomoea) 
ribonuclease localization, 
208 
Morphactins 
flower initiation, 7 
Morphine localization, 197 
Mougeotia spp. 
actin filaments, 504 
Mouse fibroblast L cells 
protein synthesis 
inhibition, 34 
regulation, 32 
Mucorales 
B-carotene, 475-76 
pheromones, 475 
Mucor mucedo 
trisporic acids, 476 
Mulga (Acacia) 
contour-oriented groves, 284 
Multifidene, 469 
Musa 
see Banana 
Mustard (Brassica) 
manganese toxicity 
internal levels, 526-27 
phytochrome involvement in 
greening, 113 


Myriophyllum spicatum 
bicarbonate utilization, 86 
carbon metabolism, 86-87 
CO, compensation rate, 86 
photosynthesis saturation, 

86 
photosynthetic rates, 85 


N 


Naja flexis 
photorespiration, 86 
Naphthalene acetic acid, 7 
Nasturtium officinale 
shoot redetermination, 
257 
Neurospora crassa 
arginine/ ornithine location, 
196 
arginine-specific permease, 
200 
Neurospora spp., 453 
ATP 
electrogenic pump, 442- 
43 
and membrane potential, 
442 
potassium 
transport, 448 
uptake, 448 
proton uptake, 446 
sugar transport, 446 
Nickel 
ecotype tolerance, 545 
mechanism, 546 
labile pool, 538 
metalloenzyme, 545 
sulfur dioxide interaction, 
542 
toxicity, 536 
iron interaction, 541 
study, 544 
symptoms, 542 
translocation, 540 
zine deficiency, 544 
Nicotiana 
see Tobacco 
Nicotinamide adenine dinucle- 
otide (NAD) 
NAD malate dehydrogenase, 
392 
NAD malic enzymes, 397, 
403 
malic acid mobilization, 
401-2 
NADH oxidase 
lack in blue-green algae, 
74 
NADP malate dehydrogenase, 
401 


NADP malic enzyme, 400, 
403 
allosteric properties com- 
plex, 401 
PH profile, 399 
Nif genes, 331 
derepression, 264 
Klebsiella, 263 
nitrogenase code, 327 
operon transcription regula- 
tor, 332 
see also Heterocysts 
Nitella 
axillaris 
turgor pressure measure- 
ment, 123 
flexilis 
volumetric elastic modulus 
values, 130 
translucens 
choride influx, 451 
electrogenic pump, 443-44 
Nitella spp., 504 
actin filaments, 504 
localization 
acid phosphatase, 208 
carboxypeptidase, 208 
microfilaments, 496 
turgor regulation, 128 
volumetric elastic modulus, 
129 
Nitellopsis obtusa 
volumetric elastic modulus 
values, 130 
Nitrate 
nutrition 
aluminum toxicity, 515 
reductase, 272, 515 
nitrate toxicity, 515 
toxicity, 515 
uptake decrease of aluminum, 
521 
Nitrogen 
fixation 
manganese toxicity, 530 
requirements, 325 
see also Heterocysts 
Nitrogenase, 264 
catalyzed Hy evolution, 267- 
68 
heterocysts, 331 
isolation, 325 
purification, 331 
molybdenum, 335 
nif gene, 327 
protection 
heterocysts, 320 
synthesis repression, 265 
see also Nitrogen fixation 
Nitrogen fixation, 263-76 





energy cost, 266-67 
apparent ATP requirement, 
268-69 
nitrogenase catalyzed Hy 
evolution, 267 
introduction, 263-64 
nif genes, 263 
nif genes derepression, 264- 
66 
symbiotic fixation, 269-71 
unified concept, 271-74 
hydrogen uptake, 272-73 
Nitrosoguanidine, 336 
Nitsch, J. P., 8 
Norleucine, 334 
Nostoec muscorum, 322 
photoautotrophy, 74 
Nostoe spp. 
ferredoxins, 327 
heterocyst 
differentiation, 333 
study, 322 
symbionts, 337-38 
fixed nitrogen excretion, 
338 
NP-40, 324 
Nucleoli 
heating effect, 27-28 
Nucleus 
role in chloroplast biogene- 
sis, 218, 221 
Nuphar spp. 
floral bud initiation, 
Nymphaea spp. 
floral bud initiation, 
Nystatin, 198, 200 


249 


249 


oO 


Oat (Avena) 
chlorophyll formatie:, 108 
etioplast cultures, 2:8 
manganese deficiency, 526 
nickel toxicity symptoms, 
542 
turgor regulation, 205 
Obligate photoautotrophy, 67- 
93 
algae, 73-74 
Athiorhodaceae 
photoautotrophy and photo- 
organotrophy, 70-71 
photomixotrophy, 71-72 
blue-green algae, 74-75 
B-carboxylation in algae, 
76-77 
Chlorobacteriaceae 
obligate photoautotrophy, 
72-73 
conclusion, 87-88 


green algae, 75-76 
introduction, 67-69 
classes, 68 
higher plants, 68 
occurrence, 67-68 
photosynthetic bacteria, 69 
submerged freshwater angio- 
sperms 
anatomy and 683¢ values, 
87 
carbon metabolism, 86- 
87 
CO, compensation points, 
86 
photosynthetic characteris- 
tics, 85-86 
submerged marine angio- 
sperms 
carbon isotope fractiona- 
tion model, 80-81, 84 
interpretation of 613C 
values, 79-85 
obligate photoautotrophy, 
78 
photosynthetic character- 
istics, 78-79 
stable carbon isotopes 
fractionation, 79-85 
Thiorhodaceae 
facultative photoautotrophy, 
69-70 
Ochromonas malhamensis 
isofluoridoside synthesis 
initiation, 133 
nonosmotic volume, 127 
osmoregulation, 126-27, 
133 
osmotic balance adjustment, 
132 
n-Octane, 468 
Octatrienes, 469 
Oedogonium cardiacum 
boriseanum 
androspore attractant, 
472 
life cycle, 472 
cardiacum 
sexual structures induc- 
tion, 471 
sperm attractant, 471 
Oedogonium spp. 
flagellar ring, 472 
pheromone study suitability, 
472 
swimming patterns during 
chemotaxis, 472 
Oligomycin, 451 
Olive (Olea) 
gibberellin 
26-hydroxylation, 
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Onion (Allium) 
DNA- replication prevention 
aluminum, 519 
manganese toxicity, 528 
iron antagonism, 527 
water permeability, 137 
Oogoniol, 473-75 
activity, 473 
Opuntia 
bassilaris 
carbon dioxide fixation, 
384 
inermis 
carbon dioxide fixation, 
406 
night temperature effect on 
CAM, 387 
resistance to water loss, 
385 
polycantha 
crassulacean acid metabo- 
lism, 383 
spine vs leaf initiation, 250- 
51 
Opuntia spp. 
crop growth rate, 386 
irrigation 
CO, fixation, 385 
root formation, 384 
NADP malic enzyme isoen- 
zymes, 392 
Ornithine, 199-200 
localization in Neurospora, 
196 
Ornithogalum spp. 
cold 
crossing-over reduction, 
433 
Orthophosphate, 202 
vacuolar accumulation, 197 
Oryzae 
see Rice 
Osmotic pressure 
see Turgor- and osmoregu- 
lation physics; Turgor 
pressure 
Osmunda cinnamomea 
leaf primordia, 252 
older leaf effect, 253 
phases, 254 
Ouabain, 37, 449-50 
Oxalic acid, 520 
Oxaloacetate, 76, 389 
malic acid oxidation, 401 
Oxaloacetic acid, 230 
Oxidative pentose phosphate 
cycle, 75 
Oxidoreductase 
membrane association, 199 
2-Oxoglutarate, 330-31, 333 





SUBJECT INDEX 


606 


ent- 15-Oxokaurenoic acid, 
177 
Oxygen 
chlorophyll synthesis, 113 
S states, 54-55 
Ozone 
metal interactions, 542 


P 


P700, 366 
heterocysts, 327 
photooxidation, 361-64 
Porphyridium, 368 
PS I model, 352-53 
Pachytene 
DNA 
fractions, 425-26 
nicking, 417-19, 421 
synthesis, 422-25, 430 
Papaver somniferum 
morphine localization, 197 
Paramecium spp., 482 
Pea (Pisum) 
aluminum 
effects, 517-18 
localization, 519 
nitrate uptake decrease, 
521 
phosphorus interaction, 
519 
tolerance, 514 
uptake, 517 
cell membrane resistance 
carbon monoxide, 445 
vs membrane potential, 
444 
chlorophyll/ carotenoid bio- 
synthesis 
genetic block, 222 
chloroplast DNA sequences, 
220 
gibberellin 
gibberellin-aldehyde con- 
version, 168, 184 
glucosyl esters, 182 
ent-7a-hydroxykaurenic 
acid synthesis, 159 
ent-kaurene synthetase, 
180, 183 
metabolite identification, 
154 
native gibberellins, 169- 
70 
pathways from GA-aldehyde, 
169-71 
leaf primordia initiation, 
246 
cell division rate, 247 
theoretical requirements, 


247 
manganese toxicity 
internal level, 526 
phosphofructokinase, 399 
photosynthetically positive 
mutants, 232 
PS II genetic defect, 223 
plastid 
protein synthesis rate, 
224 
RNA synthesis rate, 224 
Peach (Prunus) 
aluminum benefit, 522 
calcium uptake 
aluminum interference, 
517 
iron/aluminum ratio, 521 
iron-induced manganese 
toxicity, 532 
zine spray, 537 
Peach little leaf, 3 
zine deficiency, 3-4 
Peanut (Arachis) 
mangauese 
organic complex, 530 
sensitivity, 525 
phenology, 298 
Pear (Pyrus) 
158-hydroxy gibberellin, 
177 
Pelargonium zonale 
PS I genetic defect, 223 
plastid inheritance, 217 
Pelvetia fastigiata 
cortical clearing, 493 
ion fluxes, 494 
rhizoid formation site, 493- 
94 
transcellular current, 494 
Penicillium 
digitatum 
ethylene synthesis, 18 
fruit CO, production rise, 
if 
italicum, 17 
Pennisetum 
see Kikuyu grass 
Pepper (Capsicum) 
turgor pressure measure- 
ment, 125 
Peroxidase isozymes 
fruit ripening, 10 
Persea 
see Avocado 
Petunia 
microfilaments, 504 
pH 
aluminum benefit, 522 
aluminum toxicity, 512, 
517 


organic-aluminum com- 
plexes, 520 
pH changes in root zones, 
514-15 
of bay water, 82, 84 
bicarbonate utilization 
photosynthesis, 16, 84 
delayed fluorescence, 51-54 
stimulation, 60 
electrogenic pumps, 440, 
443-44 
insensitivity, 444 
potassium uptake, 448 
gibberellin metabolism, 164- 
65 
iron 
tolerance, 534 
toxicity, 531-32 
manganese toxicity, 512-13, 
526-27, 530-31 
membrane potential, 439, 
443 
metal 
equilibria in soil, 537-38 
movement from soil to 
roots, 538-39 
translocation, 541 
profile 
NADP malic enzyme, 399 
prompt fluorescence, 52 
proton-dependent transport 
systems, 446 
rhizoid formation, 490 
Phaeodactylum tricornutum 
CO, fixation, 77 
Pharbitis nil 
gibberellin glucosyl ethers, 
181 
Phaseolus 
see Bean; Gram; Snap bean 
Phenology 
annuals, 298-99 
definition, 298 
perennials, 299 
Phenylalanine, 99, 109 
Pheromones in algae and 
fungi, 461-86 
conclusion, 481-82 
flagellar activity alteration, 
482 
function, 482 
pheromone origin, 481 
introduction, 461-63 
pheromone classification, 
462 
pheromone properties, 463 
terms, 462 
sexual attractants, 464 
Allomyces, 465-68 
biosynthetic pathway, 470 





brown algae, 468-71 
Chlamydomonas, 464-65, 
471 
evolution, 470 
Oedogonium, 471-72 
Sphaeroplea, 472 
sexual differentiation induc- 
tion 
Achlya, 473-75 
ascomycetes, 480 
Mucorales, 475-77 
Volvox, 477-80 
Phosphate 
deficiency effect, 532 
foliar lead decrease, 540 
lead translocation, 541 
Phosphoenolpyruvate, 76, 394, 
398-400, 403 
carboxykinase, 392, 397 
acid decarboxylation prod- 
ucts, 395 
malic acid deacidification, 
401 
crassulacean acid metabolism 
B-carboxylation, 390 
source, 389 
export to cytoplasm, 394 
fate during deacidification, 
394-95 
malic acid synthesis, 393 
phosphofructokinase sensiti- 
vity, 399 
photoautotrophy, 69-70 
Phosphoenolpyruvate carbox- 
ylase, 77-78, 85, 87, 239, 
390-91, 402-4 
activity 
Cg plants, 231 
carbon isotope fractionation, 
79-81 
crassulacean acid metabolism, 
389, 399, 405 
acid synthesis regulation, 
400 
glucose-6-phosphate activa- 
tion, 399 
localization, 391-92, 394 
malic acid inhibition, 399, 
401 
during deacidification, 402 
synthesis 
response to water stress, 
398 
Phosphofructokinase, 393, 
400 
sensitivity to phosphoenol- 
pyruvate, 399, 404 
6- Phosphogluconate, 69-70, 
73, 77, 87 
bicarbonate utilization prod- 


uct, 84 
6-Phosphogluconate dehydro- 
genase, 75, 328 
2-Phosphoglycerate, 402 
3-Phosphoglycerate, 389, 
402 
crassulacean acid metabo- 
lism, 391 
phosphoenolpyruvate source, 
402 
Phosphoglyceromutase, 402 
Phosphon D, 158 
Phosphorus 
aluminum tolerance associ- 
ation, 517-20 
root phosphatase, 519-20 
copper-induced chlorosis, 
542 
fertilizers 
cadmium source, 537 


manganese toxicity decrease, 


529 
metal toxicity, 541 
uptake, 539 
Phosphorylase, 392 
Acetabularia cap regenera- 
tion, 498-99 
enzyme distribution, 499 
Photoautotrophy 
see Obligate photoautotrophy 
Photorespiration, 232 
CO, release, 232 
meaurement, 233 
Photosynthesis 
solar energy efficiency, 
227 
see also Delayed fluores- 
cence in photosynthesis 
Photosynthesis apparatus 
energy distribution, 345- 
78 
bipartite model 
photochemical apparatus 
model, 353-57 
PS I model, 352-53 
PS II model, 348-52 
vs tripartite model, 377 
bipartite model application 
to chloroplasts 
divalent cations effect, 
357-58 
PS II to PS I energy trans- 
fer, 360-61 
wavelength dependence of 
energy distribution, 358- 
60 
bipartite model application 
to flashed ieaves 
energy distribution wave- 
length dependence, 362- 
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65 
PS I/ PS II/ Ch1LH emission 
spectra, 364-65 
PS II to PS I energy trans- 
fer, 361-62 
bipartite model application 
to red algae 
energy distribution wave- 
length dependence, 365- 
67 
experimental verification, 
368-69 
PS II to PS I energy trans- 
fer, 367-68 
introduction, 346-48 
divalent cation effect, 347 
photochemical models, 347 
spillover hypothesis, 346 
Z scheme, 346 
tripartite model 
coupling parameters quanti- 
tative assessments, 374- 
76 
energy coupling and energy 
transfer, 373-74 
energy coupling and F\, 
extent, 372-73 
equations, 369-72 
magnesium effect on para- 
meters, 376-77 
vs bipartite model, 377 
Photosynthesis genetics and 
crop improvement, 215- 
37 
chloroplasts 
genetic regulation scheme, 
224 
crop improvement, 227-30 
germplasm analysis and 
mobilization, 230-33 
means, 228 
phenotypic expression 
scheme, 229 
theoretical yields, 228 
high photosynthetic producti- 
vity requirements, 232 
introduction, 215-16 
photosynthesis genetics, 216 
definition, 216 
DNA-RNA hybridization, 
220 
history, 217-18 
nuclear-induced plastome 
mutants grouping, 221 
nuclear-plastid genetic 
complementation, 218-24 
translation and regulation 
sites, 224-26 
variegated leaves, 218- 
19 
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pigment-protein complexes, 
223-26 
see also Chloroplasts 
Photosystem I, 48, 50, 52-53, 
327, 346 
absorption band, 359 
C4 plants, 230 
emission spectra, 364-65 
energy transfer from PS II 
chloroplasts, 360-61 
flashed bean leaves, 361- 
64 
red algae, 367-68 
genetic block, 223 
heterocysts, 320 
low temperature, 57 
photochemical model, 347, 
352-53 
Porphyridium, 366 
protein formation inhibition, 
226 
see also Photosynthesis 
apparatus energy distribu- 
tion 
Photosystem II, 56 
delayed fluorescence, 48, 50, 
52-53 
decay component, 56 
emission spectra, 364-65 
energy transfer between 
units, 373-74 
coupling parameters, 374- 
76 
magnesium effect, 376-77 
energy transfer to PS I 
chloroplasts, 360-61 
flashed bean leaves, 361- 
64 
red algae, 367-68 
genetic defect, 223 
heterocysts, 326-27 
photochemical model, 347- 
52 
dead fluorescence, 349 
matrix model, 350-52 
primary electron donor, 
348 
quenching mechanisms, 
349 
separate package model, 
350-52 
phycobiliproteins, 320, 324, 
326 
Porphyridium, 366 
protein formation inhibition, 
226 
secondary electron transport, 
53-54 
decay kinetics, 56-57 
low temperature emission, 
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57-58 
S states, 54-55, 61 
thermoluminescence, 58- 
60 
spillover hypothesis, 346 
see also Photosynthesis 
apparatus energy distri- 
bution 
Phycobilins, 98, 111, 326, 
365, 367 
Phycobiliproteins, 320, 324, 
326, 336 
Phycobilisomes, 366 
Phycocyanin, 49, 366-67 
degradation, 335 
synthesis, 326 
Phycocyanobilin, 111 
Phycoerythrin, 366 
Phycomyces blakesleeanus 
sexuality induction, 476 
Phycomyces spp. 
carotene role, 477 
Physarum polycephalum 
DNA synthesis, 26 
protein synthesis impair- 
ment, 30 
RNA degradation, 30 
RNA synthesis, 27 
heating effec‘ on nucleoli 
28 
thermal injury repair, 33- 
34 
Phytic acid, 204 
Phytochrome 
gibberellins, 183 
synthesis regulation, 180 
system 
greening process, 113 
Phytotron, 6 
Picea sitchensis 
gibberellins, 173 
glucosyl esters, 182 
see also Spruce 
Piezoelectricity, 142 
Pimaradiene, 157 
Pineapple (Ananas) 
crop growth rates, 386 
flowering success, 7 
water use efficiency, 296 
Pinguicula spp. 
floral buds, 249 
Pinus attenuata . 
gibberellins, 173-74 
Pisum 
see Pea 
Plant physiology 
see Horticulture-plant phys- 
iology interface 
Plant productivity, 277-317 
assimilate partitioning, 297- 


98 
annuals phenology, 298-99 
harvest index, 304 
perennials phenology, 299 
phenology definition, 298 
photosynthetic tissue, 299- 
300 
reproductive tissues, 301- 
2 
roots, 300-1 
seed filling, 303-4 
seed number, 302-3 
environmental context 
arid and semiarid zones 
definition, 278-79 
soil water models, 280 
water availability patterns, 
279-80 
integration and conclusions, 
30° 10 
nei primary productivity, 
305 
undesirable traits, 308 
water use efficiency varia- 
tion, 306 
introduction, 277-79 
water limiting factor, 277- 
78 
plant forms and productivity 
models, 280 
aridoactive plants, 281 
aridopassive plants, 281 
plant forms distribution, 
282 
pulse-reserve model, 280 
water use efficiency, 282 
regions 
mediterranean, 279-80 
savanna, 279 
steppe, 279-80 
transition, 279-80 
transpiration 
calculation, 283 
changes in leaves, 287 
leaf area reduction, 289 
plant water potential and 
survival, 290 
potential, 287 
runoff, 283-84 
soil evaporation, 284-85 
soil water change, 285-86 
transpiration modulation, 
286-89 
water use efficiency, 305 
air saturation deficit, 291 
based on dry matter accu- 
mulation, 295-97 
C3 vs Cy plants, 293 
canopies, 294-95 
definition, 290 





incident irradiance, 291- 
92 
leaf traits, 292-93 
single leaf, 290 
stomata behavior, 294 
Plasmalemma, 211, 448 
aluminum passage, 516 
ATPase, 453 
chitin synthetase, 208 
chloride transport, 450-51 
concanavalin A binding, 198 
polysaccharide coat, 200 
sodium transport, 449 
solute extraction from cells, 
195 
permeability induction, 
196 
Plasma membrane 
actin, 496 
Plastid 
C4 plants, 230 
DNA genes, 221 
genome 
mutations, 219 
replication character, 217 
gibberellin synthesis, 182- 
84 
early steps, 183 
inheritance, 217 
nuclear-plastid gene expres- 
sion control, 225 
pigment formation control, 
222-23 
protein synthesis 
chromosomal DNA, 225 
RNA polymerase 
inducer control, 224 
see also 6-Aminolevulinic 
acid and plastids; Chloro- 
plast; Photosynthesis 


genetics and crop improve- 


ment 
Plastochron, 246, 251 
gibberellin effect, 251 
Plastocyanin, 327 
Plastogenes, 226 
Plastome, 219, 225 
mutant groups, 221 
Plastoquinone, 327 
Platymonas subcordiformis 
nonosmotic volume, 127 
osmoregulation, 127 
osmotic balance regulation, 
132 
potassium uptake, 133 
Plectonema spp., 327 
Pleurodeles waltilia 
heating effect on nucleoli, 
27 
Polygalacturonase, 519 


Polynucleotide kinase, 423, 
427 
Polyoxin D, 500 
Polyphenylalanyl-tRNA, 32 
Polyphosphate, 204 
vacuolar transport mecha- 
nism, 202-3 
Polypodium spp., 498 
Polysiphonia spp., 498 
Polysomes 
endoplasmic reticulum asso- 
ication, 35 
membrane complexes, 32- 
33 
Poplar (Populus) 
aluminum-phosphorus inter- 
action, 518 
Populus deltoides 
primary vascular system 
development, 243-44 
Porphyra perforata 
osmotic balance regulation, 
132 
Porphyridium cruentum 
energy distribution in photo- 
synthesis, 365-68 
Potassium, 529, 535 
action potentials, 142 
aluminum toxicity, 521 
ATPase, 448-49 
effect 
delayed fluorescence, 61 
electrogenic pumps, 440 
flux, 140, 445, 449-50 
hydraulic conductivity, 
137 
membrane conductivity, 
134 
reversible change, 141 
localization, 198 
osmoregulation reverse, 
142 
rhizoid formation, 490 
transport, 447-48 
turgor pressure, 205 
effect on influx-efflux, 
134-35 
indoleacetic acid, 135 
turgor pressure adjustment, 
131 
Ochromonas, 132 
uptake, 133 
uptake, 539 
Potato (Solanum) 
aluminum tolerance, 521 
é-aminolevulinie acid syn- 
thetase, 102 
label incorporation pattern, 
107 
manganese toxicity, 524 
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Primula spp. 
floral apex development, 
249 
Primulin, 196 
Proheterocyst formation, 334- 
35 
Proline, 74 
osmotic balance regulation, 
132 
zoospore attractant, 467 
Prompt fluorescence, 53 
emission spectra, 48 
bacteriochlorophyll a, 49 
phycocyanins, 49 
factors affecting, 51 
pH, 52 
Pronase, 200, 478 
Proplastids 
gibberellin synthesis, 183 
Prosopis 
see Mesquite 
Protease 
bacterial virus gene expres- 
sion, 320 
Protein 
synthesis inhibition, 36-37 
see also Heat effects on pro- 
tein synthesis 
Proteinase A, 206-8 
Proteinase B, 500 
Protochlorophyll, 225 
Protochlorophyllide, 110-13, 
223, 225 
Protoporphyrin IX, 96, 113 
chlorophyll pathway regula- 
tion, 110 
formation, 108, 114 
structure, 97 
Prunus 
see Apricot; Peach 
Pseudotsuga menziesii 
gibberellins, 173 
see also Douglas fir 
Pulse-reserve model, 280 
Puromycin, 20, 452 
Pyridoxal phosphate cofactor, 
99-100 
Pyrus 
see Pear 
Pyruvate, 71, 76, 401, 405 
fate during deacidification, 
394-95 
kinase, 231, 394-95 
Pyruvate orthophosphate 
dikinase, 395, 397 
dark inactivation, 401 
light activation, 404 
Pyruvate synthase, 72 
Chlorobium, 72 
reductive carboxylic acid 
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cycle, 73 
R 


Recombination hypothesis, 48 
emission yield, 50-52 
excited reaction center pig- 

ment, 49 
exciton yield, 50-52 
primary charge pair, 50 
rate constant, 50-52 
Reductive pentose phosphate 
cycle, 82 

Rhamnose, 498 

Rhizobium 
japonicum 

fixed nitrogen export, 270- 
| 
lectin binding, 502 
phaseoli 
manganese toxicity, 530 
trifolii 
ammonium utilization, 271 
Rhizobium spp. 
ammonium assimilation 
enzyme modulation, 271 
inhibition, 274 
fixed nitrogen excretion, 270- 
71 
nif genes, 269 
derepression, 263 
supporting pathways, 270 
relative energy efficiency, 
273 

Rhizoid, 489-90 
see also Fucus spp.; Cell 

polarity development 

Rhizophore, 254 
shoot dimorphism, 255-57 

Rhodopseudomonas 
spheroides 

6-aminolevulinic acid for- 
mation, 98-99 

$-aminolevulinic acid syn- 
thetase, 100 

y-é-dioxovaleric acid, 103 

fluorescence emission 
spectra, 49 

a-hydroxyglutarate conver- 
sion, 109 

thermoluminescence bands, 
60 

viridis 

delayed fluorescence, 52 

delayed fluorescence re- 
quirements, 50 

factors affecting delayed 
fluorescence. 51 

fluorescence emission 
spectra, 48-49 


thermoluminescence, 60 
Rhodospirillum rubrum 
ammonia assimilation, 
265 
Calvin cycle, 70, 73 
citramalate pathway, 71-72 
glutamate synthesis, 71 
Ribonuclease 
localization, 208 
vacuole, 206 
Ribonucleic acid, 250, 335 
Acetabularia cap regenera- 
tion, 498 
fruit ripening, 20 
heat effect 
degradation, 29 
synthesis, 29-30 
thermal injury repair, 33 
plastid 
synthesis rate, 224 
plastochron, 247 
synthesis rate, 248 
synthesis 
antheridiol effect, 473 
chloroplast, 226 
mRibonucleic acid, 27, 31, 
320 
cap regeneration, 498 
chloroplasts, 217 
DNA hybridization, 220 
nuclear translation, 225 
ribulose bisphosphate car- 
boxylase, 226, 231 
transcription onto DNA, 
220 
cold 
translation initiation inhi- 
bition, 34 
heat 
degradation, 30 
ribosome association, 32 
membrane association, 35 
nuclear 
transport into chloroplasts, 
225 
rRibonucleic acid, 27 
heat degradation, 29-30 
ribosome damage, 30 
occurrence in lutoids, 198- 
99 
transcription 
selective inhibition by heat, 
28 
tRibonucleic acid, 225, 337 
chloroplasts, 217 
DNA hybridization, 220 
heat changes, 32 
Ribonucleic acid polymerase, 
217, 320, 474 
differential heat sensitivity, 


28 
plastid 
inducer control, 224 
thermostability, 29 
Ribosomes 
chloroplast, 217 
heat 
mRNA association, 32 
thermostability, 30-31 
Ribulose-1, 5-bisphosphate, 
393 
crassulacean acid metabolism, 
389, 391 
Ribulose-1, 5-bisphosphate 
carboxylase, 70, 77, 82, 
84, 87, 115, 390, 394-95 
absence 
from heterocysts, 328 
mesophyll, 230 
carbon isotope fractionation, 
79-80 
chloroplast, 391 
chloroplast mRNA transcrip- 
tion, 231 
Chromatium, 73 
CO, fixation, 83, 85 
crassulacean acid metabolism, 
391, 405 
DNA code, 226 
green sulfur bacteria, 72 
peptide composition, 233 
photorespiration, 232 
Ribulose-1, 5-bisphosphate 
carboxylase-oxygenase, 
381, 391 
Ribulose-1, 5-bisphosphate 
cycle, 69 
Ribulose bisphosphate 
oxygenase, 78 
pathway 
autotrophy, 68 
Ribulose monophosphate, 68 
Riccia fluitans 
m-chlorophenyl hydrazone, 
448 
Riccia spp. 
electrogenic pump, 444 
Rice (Oryzae) 
aluminum 
beneficial effect, 522 
tolerance, 514, 516, 520, 
534 
toxicity, 532 
gibberellin 
13-hydroxylation, 174 
iron toxicity, 531-32 
escape, 535 
manganese effect, 531 
physiology, 533 
tolerance, 534 





manganese toxicity, 525 
internal levels, 526 
silicon, 529 
vs iron deficiency, 527-28 

Ricin, 502 
Ricinus spp. 
diterpene formation, 158 
ent-kaurene synthetase, 
180 
proplastids, 183 
see also Castor bean 
Rifampicin, 225-26, 334-35 
R-protein, 430, 433-35 
regulatory features, 430-31 
U-protein interaction, 432 
Rye (Secale) 

aluminum tolerance, 523 

crossing-over sites, 424 

iron tolerance, 534 

metal toxicity symptoms, 

542 
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Saccharomyces 
cerevisiae 
S-adenosyl methionine 
transport, 200-1 
arginine localization, 197 
arginine-specific permease, 
199-201 
carboxypeptidase Y, 203 
glutamic acid, 197 
ion accumulation in vacuoles, 
198 
lysyl-tRNA synthetase 
thermolability, 31 
a-mannosidase localization, 
199 
nitrogen starvation, 204 
plasmalemma permeability 
induction, 196 
protein degradation, 209- 
10 
tonoplast properties, 198 
turgor regulation, 205 
vacuolar arginine pool, 202 
vacuolar proteolytic sys- 
tem, 206 
vacuolar transport model, 
202-3 
uvarum 
glycine accumulation, 201 
Saccharomyces spp. 
proton uptake, 446 
Saccharum 
see Sugarcane 
Sachs, 21 
Salix 
see Willow 


Salmonella typhimurium 
rRNA degradation, 29 
ribosome damage, 30 
Sandarocopimaradiene, 158 
Sanguinarine 
detoxification, 206 
localization, 197 
Sapromyces spp. 
pheromone, 475 
Seabiosa columbaria 
aluminum beneficial effect, 
522 
Scendesmus 
obliquus 
6-aminolevulinic acid 
accumulation, 112 
cytochrome synthesis 
block, 223 
Scenedesmus spp., 48 
bicarbonate utilization, 84 
CO, fixation, 77 
delayed fluorescence, 57 
intensity, 54 
polyphosphate accumulation, 
197 
Scopolia sinensis 
manganese toxicity, 524 
Secale 
see Rye 
Sedum 
acre 
CO,/H.O exchange, 384 
telephium 
CAM enzymes, 397 
Selaginella 
martensii 
rootcap development, 255 
wildenovii 
meristem determination, 
255 
Selaginella spp. 
shoot-rhizophore dimorph- 
ism, 256-57 
undetermined meristems, 
254 
Serine, 79 
carboxypeptidase Y, 206-8 
precursor, 207 
pathway 
autotrophs, 68 
proteinase B, 206, 
Sex hormone 
see Pheromones in algae 
and fungi 
Sexual pheromones 
see Pheromones in algae 
and fungi 
Shoot apex organogenesis, 
239-62 
associated cytological 


208 
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changes, 245-48 
cell division rate, 245 
nucleic acids, 247-48 
periclinal divisions, 245 
polarized cell enlargement, 
245 
conclusion, 256-58 
introduction, 239 
lateral organ initiation site 
determination, 239-45 
cellularity parameters, 
241 
field theory, 241-42 
hormones, 244 
independent shoot apex, 
240 
inhibitor diffusion, 241 
leaf-initiating stimuli, 240 
models, 240-41 
phyllotaxis alteration, 242 
preexisting leaf primordia, 
240 
procambial traces, 242- 
43 
provascular strands, 243- 
44 
self-perpetuation, 242 
young primordia, 244 
lateral organ type determina- 
tion, 248-54 
bud conversion, 254 
floral gradients, 249 
gibberellin, 250-51 
isolation, 252 
meristem structure change, 
250 
organogenic factors, 249 
phyllotactic factors, 249 
physiological interface, 
252 
meristem interconvertibility, 
254-57 
auxin, 254-57 
rhizome, 257 
rhizophore, 254-55 
Silicon, 521 
iron toxicity, 533 
manganese toxicity, 529 
Simmonsia 
see Jojoba 
Sirenin, 465 
binding, 466 
bioassay, 465 
effect on swimming behavior, 
467 
formation, 466 
structure, 466 
Siroheme, 96 
Skeletonema costatum 
Calvin cycle, 77 
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CO, fixation, 77 
Skizokinen, 521 
Snap bean (Phaseolus) 
aluminum toxicity, 515-16 
calcium, 517 
site, 518 
manganese toxicity 
effect on nodulation, 530- 
31 
Sodium 
efflux and proton gradient, 
446 
localization, 198 
osmotically active mole- 
cules regulation, 131 
transport, 439, 448 
ATPase, 450 
efflux, 450 
efflux coupling with ion 
influx, 449-50 
vacuole, 450 
Soil water 
see Plant productivity 
Solanum 
see Potato 
Solomos, T., 19 
Sorbitol 
yeast vacuole stabilization, 
196 
Sorghum, 279, 543 
iron deficiency chlorosis, 
521 
manganese toxicity, 524 
metal toxicities, 542 
phenology, 299 
seed filling, 304 
soil water, 285 
stomatal closing, 289 
613¢ values, 83 
water use efficiency, 292, 
297 
Soybean (Glycine) 
aluminum tolerance, 515- 
16 
ealcium, 517 
iron effect, 521 
6-aminolevulinic acid syn- 
thetase, 101, 114 
cadmium toxicity symptoms, 
542 
CO, compensation point, 86 
foliar lead, 540 
iron toxicity, 532, 534-35 
manganese interaction, 
535 
lectin, 
m2iuganese 
effect, 524, 529 
internal level and toxicity, 
526-27 
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sensitivity, 525 
nitrogenase catalyzed Hy 
evolution, 267 
water use efficiency, 297 
zine 
differential tolerance, 
545 
manganese translocation, 
541 
toxicity, 537, 542 
Spermatocytes, 415 
Sphaeroplea spp. 
gamete attraction, 472 
Spinach 
6-aminolevulinate 
accumulation, 108 
formation, 113 
chloroplasts 
emission spectra, 355 
excitation spectra, 360 
P700 photooxidation, 353 
PS II to PS I energy trans- 
fer, 361-62 
delayed fluorescence, 50, 
57 
decay kinetics, 56 
temperature optimum, 57 
glycollate oxidase, 86 
manganese toxicity, 528 
sugar beet graft 
photosynthesis enkance- 
ment, 228 
Sporopollenin, 475 
Spruce (Picea) 
needle production, 250 
Stachene, 158 
Staphylococcus aureus 
amino acid accumulation, 
446 
rRNA degradation, 30 
ribosome destruction, 30 
Starch, 404 
carbohydrate metabolism 
in dark, 392-93 
Statoliths, 193 
Status albamaculatus, 217 
Status paraalbomaculatus, 
217 
Stevia rebaudiana 
ent-kaurene, 162 
steviol, 162 
Steviol, 162, 169, 177 
metabolism, 175-76 
Steviol-13-acetate 
metabolism, 177 
Stomata 
crassulacean acid metabo- 
lism, 385-87 
Streptomycin 
chloroplast DNA elimination, 


218 
Succinate 
6-aminolevulinic acid forma- 
tion, 106 
delayed fluorescence stimu- 
lation, 60 
Succinate thiokinase, 76 
Succinyl CoA 
6-aminolevulinic acid forma- 
tion, 98-102, 114 
Succinyl-CoA synthetase, 75 
Sucrose, 402, 491-92 
osmotic balance adjustment, 
132 
sulfated fucan, 493 
vacuolar accumulation, 204 
Sugar beet (Beta) 
aluminum 
beneficial effect, 522 
phosphate, 518 
ATPase, 450 
spinach 
photosynthesis enhance- 
ment, 228 
Sugarcane (Saccharum) 
iron toxicity, 531 
physiology, 533 
manganese / zinc effect, 524 
toxicity, 531 
sugar 
localization, 197 
vacuolar accumulation, 
204 
Sugar localization, 197 
Sulfate 
foliar lead, 540-41 
polysaccharide sulfation, 
502 
Sulfated polysaccharides 
cell polarity, 492-93 
stain, 493 
Sulfur dioxide 
metal interactions, 542 
Sunflower (Helianthus) 
organic manganese complex, 
530 
research needs to increase 
yields, 309 
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Tea (Thea) 
aluminum 
beneficial effect, 522 
injury protection, 516, 
520 
TCA cycle, 87-88, 394, 396, 
400-1, 403 
block 
blue-green algae, 74-75 





Chlamydomonas, 76 
lack 
Chloropseudomonas, 72 
Chromatium, 70 
nitrogen fixation, 272 
pyruvate oxidation, 402 
Rhodospirillum, 70-71 
Temperature 
aluminum toxicity, 512 
chilling injuries 
membrane structure, 13 
cold 
crossing-over reduction, 
433 
day 
crassulacean acid metabo- 
lism, 387-88 
delayed fluorescence, 51-52, 
54 
low temperature emission, 
57-58 
thermoluminescence, 58- 
60 
manganese toxicity, 527 
night 
crassulacean acid metabo- 
lism, 387 
P700 photooxidation, 353 
see also Heat effects on pro- 
tein synthesis; Photosyn- 
thesis apparatus energy 
transfer 
Tetrahymena pyriformis, 30 
DNA synthesis, 26 
RNA 
degradation, 30 
synthesis, 27 
Tetrapyrrole pathway, 96 
outline, 98 
primary products, 96 
Thalassia testudinum 
bicarbonate utilization, 84 
carbon isotope fractionation, 
82 
photosynthesis, 78-79 
ultrastructure, 78-79 
61%¢ values, 83 
Thea 
see Tea 
Thermolysin, 200 
Thermus aquaticus, 32 
Thiobaccilus denitrificans 
a-ketoglutarate dehydrogen- 
ase lack, 74 
Thiomethylgalactoside 
accumulation, 445 
Thiorhodaceae 
facultative photoautotrophy, 
68 
Threonine, 77 
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Thylakoid 
membrane 
delayed fluorescence, 60 
reorganization in hetero- 
cysts, 324 
TIBA meristem determina- 
tion, 256 
Tobacco (Nicotiana) 
chloroplast ribosomal pro- 
teins 
nuclear genome effect, 
220-21 
gibberellin 
36-hydroxylation, 174 
ent-kaurene synthetase, 
180 
iron toxicity, 532 
physiology, 533 
photorespiration, 233 
ribulose bisphosphate car- 
boxylase, 226 
chloroplast DNA code, 
226 
peptide composition, 233 
Tolypothrix tenuis 
oxidative pentose phosphate 
pathway, 75 
Tomato (Lycopersicon) 
ammonium toxicity, 515 
phosphorus nutrition, 517- 
18 
ent-kaurene synthetase, 180 
leaf initiation, 247 
manganese toxicity 
injury type, 528 
internal levels, 526 
iron ratio, 527 
iron treatment, 528 
organic complexes, 
metal toxicities, 542 
nickel translocation, 540 
Tonoplast, 196, 395-96 
chloride transport, 451 
cytoplasm entity, 211 
glucose specific hexokinase, 
199, 209 
malate accumulation, 205 
malic acid transport, 399, 
403 
membrane transport, 199, 
202 
arginine-specific permease, 
199 
problems with vacuole isola- 
tion, 195 
properties, 198-99 
oxidoreductases, 199 
plasmalemma difference, 
198 
rRNA, 199 


530 
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sodium transport, 449 
sucrose phosphatase, 204 
sucrose synthetase, 199 
transport specificity, 197- 
98 
Tracheophyta, 84 
Trachylobane, 158 
Transpiration 
calculation, 283 
plant productivity 
runoff, 283-84 
soil evaporation, 284-85 
soil water change, 285-86 
transpiration modulation, 
286-89 
water limitation, 282 
Triazolealanine, 334 
Trifolium 
see Clover 
Triiodobenzoic acid 
phyllotactically altered 
plants, 242 
Trisoxalatochromium, 541 
Trisporic acids 
Mucorales, 476 
Mucor mutants, 477 
Triticale 
aluminum tolerance, 523 
Triticum aesticum 
gibberellins, 183 
nucleic acids in apex, 247- 
48 
Triticum spp. 
gibberellin metabolites iden- 
tification, 154-55 
meiocyte perturbations, 433 
provascular tissue, 243 
see also Wheat 
Tryptophan synthetase, 208 
Tulipa 
flowering induction, 248 
vacuole 
ATPase, 199 
ion content, 198 
Tunicamycin, 207 
Turgor- and osmoregulation 
physics, 121-48 
biphasic osmotic regulatory 
response, 125 
nonosmotic cell volume, 
127 
volumetric elastic modulus, 
129-31 
walled cells, 128-31 
wall-less cells, 126-28 
cell volume measurements, 
127 
modified Coulter counter, 
128, 139 
conclusions, 142-43 
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effective elastic modulus, 
140 
introduction, 121-22 
measurement, 122-25 
osmotic agents nature, 131- 
33 
compatible solute, 133 
osmotic balance adjustment, 
132 
regulation, 131-33 
turgor pressure regulation, 
132 
turgor-dependent processes, 
133-37 
action potential, 136 
extension growth regulation, 
135 
membrane potential depolar- 
ization, 135-36 
membrane transport, 134 
turgor-sensing mechanisms, 
137-42 
dielectric breakdown of 
membrane, 138-40 
electromechanical model, 
137-42 
electromechanical trans- 
duction, 142 
fluid mosaic model, 141 
membrane compression, 
140-41 
membrane electrical poten- 
tial, 138-39 
piezoelectricity, 142 
Turgor pressure 
enzyme penetration, 141 
marine algae, 128 
measuring and manipulating 
methods, 122 
external force, 124 
microcapillaries, 123-24 
pressure bomb, 122 
pressure probe, 124-25 
vapor pressure equilibra- 
tion, 122 
wedge, 124 
osmotic pressure control, 
121 
sensing mechanisms, 127- 
42 
Tyrosine, 32 


U 


U-protein, 429-31, 434-35 
R-protein interaction, 
432 
Urease, 545 
Uridine, 20 
Uroporhyrinogen, 223 


Vv 


Vacuole 
chloride transport, 450 
malic acid, 399 
accumulation, 397 
efflux, 396, 401 
sodium uptake, 450 


Vacuoles function and biochem- 


istry, 193-213 
analysis of vacuoles 
isolation methods, 194- 
95 
solute extraction from 
cells, 195-96 
conclusion, 210-11 
functional aspects 
detoxification, 206 
storage pools of interme- 
diates, 204-5 
turgor, 205-6 
introduction, 193-94 
lysosome intracellular di- 
gestion 
autophagic vacuoles, 209 
catabolite inactivation, 
209 
compartmentation role, 
208-9 
hypothetical evaluations, 
209-10 
protein degradation, 208- 
9 


128 
volumetric elastic modulus 
values, 129 


ventricosa 


turgor pressure effect on 
ion flux, 135 

turgor pressure measure- 
ment, 124 

turgor pressure sensing, 
140 


Valonis spp., 141 
elastic modulus, 135 
osmotically active molecules 


regulation, 131 


water permeability, 136 
Vibrio marinus 
protein synthesis impairment, 


30 


temperature and RNA synthe- 


sis, 27 


Vicia 


see Broad bean 


Vigna 


see Cowpea 


Vitamin Bj9, 96, 98 
Vitis 


see Grape 


Voleani Agricultural Research 


Institute, 22 


Volumetric elastic modulus 
values, 129-30 
Volvox aureus 


pheromone, 478 


lysosome vacuolar hydrolase, Volvox spp. 


206-8 
as storage compartments 
accumulation, 201-4 
cell sap constituents, 196- 
98 
membrane transport in 
tonoplast, 199-201 
tonoplast properties, 198- 
99 
Valinomycin, 37, 61, 445 
transient hyperpolarization, 
448 
Vallisneria denseserrulata 
photosynthetic rates, 85 
Valonia 
macrophysa 
turgor pressure, 128 
utricularis 
dielectric breakdown of 
membrane, 140 
potassium influx-efflux 
control, 134-35 
salinity stress effect, 132 
turgor pressure measure- 
ments, 123, 128 


turgor regulation kinetics, 


pheromones, 478 
biological activity, 478 
characterization, 478 
origin, 481 

structure, 477 


Water 


cell sap constituent, 196 

limit to plant growth, £77- 
78 

permeability, 136-37 

soil evaporation, 284-85 

stress 

floral primordia, 302 

use efficiency, 282 

see also Crassulacean acid 
metabolism; Plant produc- 
tivity; Turgor- and osmo- 
regulation physics; Turgor 
pressure 


Welwitschia mirabilis 


carbon dioxide fixation, 406 
crassulacean acid metabolism, 
382 





Wheat (Triticum), 305-6 
aluminum, 519 
beneficial effect, 522 
calcium, 517 
genetic control of tolerance, 
522-23 
iron interaction, 521 
manganese, 525 
phosphorus interaction, 
517-18 
root phosphatase, 519 
root zone pH change, 514- 
15 
tolerance, 514-16 
toxicity, 512 
uptake, 516 
crossing-over reduction, 
433 
cultivars water use efficien- 
cy, 296 
glycine incorporation into 
chlorophyll, 102 
harvest index, 304 
manganese toxicity, 
527 
synaptonemal complexes, 
433 
theoretical yield, 228 
water stress 
seed filling, 303-4 


tiller mortality, 302 
water use rationing, 301 
Wildman, S., 21 
Willow (Salix) 
polarity, 488 


X 


Xanthium 
gibberellin effect on plasto- 
chron, 251 
phyllotaxis alteration, 242 
Xylopia aethiopica 
ent- 15a-hydroxykaurenoic 
acid metabolism, 177 
xylopic acid, 162 
Xylopic acid, 162, 177 


Y 


Yeast 
manganese effect, 524 
septum formation, 499- 
500 
Young, R., 18 


Z 


Zea 
see Corn; Maize 
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Zine 
chelates in xylem, 540 
cofactor, 4 
ecotype tolerance, 545-46 
mechanism, 546-47 
labile pool, 538 
manganese translocation, 
541 
nickel toxicity counteraction, 
544 
ozone interaction, 542 
peach little leaf treatment, 
3-4 
plant uptake, 539 
soil equilibria, 537-38 
toxicity, 513 
differential tolerance, 545 
iron interaction, 541 
manganese interaction, 
524 
natural occurrence, 536 
study, 544 
symptoms, 541-42 
zine sprays, 537 
Zine oxysulfate, 513, 537 
Zygosphore, 475-76 
Zygotene 
DNA 
crossing-over roll, 426 
synthesis, 424-25, 430 





